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Executive Summary

Several studies conducted in Nogales, Sonora bath@®@9 and 2006 indicated that household-
level wood and garbage burning was occurring amdriduting to poor air quality there. Those
studies provided a valuable baseline from whictieeelop this more comprehensive study of
small-scale burning in order to provide the datedeel for better understanding and responding
to such burning. This study was conducted by rebeas from the Bureau of Applied Research
in Anthropology at the University of Arizona (UAhd funded by the Arizona Department of
Environmental Quality, with assistance from the ..E8vironmental Protection Agency, to
address two specific needs outlined in the 12-Btap of Action for Improving Air Quality in
Ambos NogalesRecommendations F (Reduce Garbage Burning) afRReduce Wood

Burning). The 12-step plan was developed by thel&o2012 Ambos Nogales Air Quality Task
Force and Border Liaison Mechanism Economic andabbevelopment Subgroup in 2005.
The researchers maintained communication with th&Aality Task Force throughout the
study, sharing the proposed research design, pralisnfindings, draft action plan, and final
study results and action plan.

To obtain the breadth and depth of information eeeit understand small-scale burning in
Nogales and to evaluate potential actions tharednce burning and improve air quality there,
this study was conducted in a sample of Nogaleghheirhoods within which household
surveys, interviews, focus groups, and particigdostervation were conducted. In addition, UA
researchers conducted interviews with communitgdemaand government officials beyond the
target neighborhoods to gain a more complete utatedisg of opportunities and constraints for
addressing the significant challenges faced byleedgs that contribute to their decisions to burn
wood and/or garbage.

To guide the design and implementation of the ptaed ensure that findings would be relevant
and beneficial to local decision makers and resgjehe researchers convened and worked with
an Advisory Board comprised of government repregesds from thenunicipioof Nogales, the
state of Sonora, and the state of Arizona; empgéa Nogales recycling firm; neighborhood
leaders; high school and college educators fromaldsg Sonora; a university researcher and
graduate students from the UA; and an outreachastdrom a health-related NGO in

Nogales, Arizona. This group provided a forum famfulating research questions, planning
contextually relevant research, and generatingudson and feedback on the research process.

The researchers gathered data about factors atesbuwigh burning and prior efforts to reduce
burning in order to identify and assess the paaésticcess of alternative heating, cooking,
construction, and garbage management technoldmaésan reduce small scale burning. In
general, people in Nogales burn to address spewfds for managing solid waste, cooking,
and/or heating the home. There are strong reldtippsamong the location of a neighborhood,
age of the neighborhood, garbage collection, amdibg. In households where garbage burning
was found to be occurring, individuals explainegitiactions either as a response to problems
(lack of collection service) or as a preventive suga to avoid problems with dogs, insects, and
illness. Study participants explained that wood tMasied as an alternative or supplement to
other sources of fuel in cookstoves and heatersteTlis considerable variation in household



income levels within Nogales neighborhoods. Thisaten is reflected in the level and
frequency of burning, especially of wood which degegeto an even greater extent on the
availability of individual household resources parrchasing alternatives than does garbage
burning. These data and analyses served to guedietmulation of a course of action likely to
eliminate or at least reduce public health rislsoamted with small-scale burning in Ambos
Nogales.

A unique aspect of this study was the incorporatibsmall pilot projects within the study so
that, rather than separating action from resegmablems that were identified could be
addressed and the response evaluated as partaifated study. Therefore, as the study
proceeded, various approaches were taken by theimaingovernment, educational institutions,
and neighborhood groups to address these probledntha larger issues related to improving
municipal solid waste management in the city. Basethe success of these measures and their
potential for reducing burning, researchers therke with members of the project Advisory
Board and other municipal officials to develop attidn Plan for Reducing Burning in Nogales.
The Action Plan involves eight specific steps:Ifiprove Garbage Collection and Street
Cleanliness(2) Increase Capacity and Improve Management of Ldradfd Transfer Stations;
(3). Develop a Program to Facilitate and Promote Conmgst4) Develop a Program to
Facilitate and Promote Recycling; (5) Investigatd Bevelop Options for Increasing the
Number and Type of Garbage Containers; (6) Devaif@pPromote Alternative No- or Low-
Emissions Stoves; (7) Develop and Implement Edooatnd Outreach Programs; and (8)
Investigate the Use of Legal Measures and Fin&eter Burning. As part of the Action Plan,
researchers and members of the Advisory Board lesiteld timelines for completing each
action, and identified resources and funding tauemghat the actions would be completed. All of
the actions were underway by the end of the stadyall require additional resources,
personnel dedicated to ensuring that they are agteghl monitoring, and updating in the coming
months and years. In addition, continued suppareeded for local initiatives to address the
complex and inter-related challenges associatdu twé reduction of small-scale burning in
Nogales.

Vi



Acknowledgements

This project would not have been possible withbetfitnancial support of the Arizona
Department of Environmental Quality (ADEQ) and thé&. Environmental Protection Agency
and the continuous cooperation and help of maniyichgals, groups, organizations, and
institutions in the states of Sonora, Mexico antzéma, USA. More specifically, each aspect of
this project required the collaboration—one thas wéen bilingual, binational, and inter-
generational—of numerous people in Ambos Nogaléstlae surrounding areas. Our sincere
thanks go to each and every individual who contatiuo the efforts to understand and address
the problems that lead to the burning of wood asmtb@ge in Nogales.

In particular, we thank the members of the profettisory Board: Romina Castanos Lopez
(Direccion de Planeacion del Desarrollo Urbano dgales), Javier Castillo (Relleno Sanitario
de Nogales), Elizabeth Cota Mendoza (CONALEP y Ragro de Gante), Irma Fragoso
Rodriguez (Instituto Tecnologico de Nogales), Alieaez (TOM recyclers), Jesus Kataura
(Southeast Arizona Area Health Education Centé&il®)abeth Lara Ruiz (CONALEP y
Programas para Educaciéon de Adultos), Yasbek MariifOM recyclers), Jose Guadalupe
Melendez Vazquez (Colonia Flores Magén), Edna Mead®DEQ), Francisca Montanez
Armento (Departamento de Salud de Sonora), Sararé®A), and Norma Pacheco (Colonia
Flores Magon).

We also thank the representatives from Mexico’'s&adat of Environment and Natural
Resources (SEMARNAT) and the Sonoran Secretaryfban Infrastructure and Ecology
(SIUE) as well as numerous municipal departmerdisichng Public Services, Public Works,
Garbage Collection, and Fire, and the Coordinat@itizen Participation. We are grateful as
well for assistance from the leaders of severalmal, the trash collectors who graciously
allowed the UA student researchers to ride alonthein collection routes, and the various
private and independent scrap collectors who shafednation with us.

Also, we would like to recognize and show appreomafor the invaluable assistance and
patience provided by the administrative staff atltmiversity of Arizona’s Bureau of Applied
Research in Anthropology, especially Armando Vardymncy Young, Kevin Oakes, and Maria
Rodriguez, and to Dr. Drexel Woodson for sharirgihsights and ideas with us.

vii



viii



Chapter One: Background of Study
Goals and Objectives of the Study

The purpose of this study is to examine small-sbalaing and how it contributes to particulate
matter and air toxics emissions in Ambos Nogalbstfi” Nogales, composed of Nogales,
Arizona, United States and Nogales, Sonora, Mexegluate potential air quality
improvements to be gained through local solutiansl, assist local and state partners to develop
a plan to reduce small-scale burning and the assatpublic health risks. Thus, the principal
goal of this project is to assess small-scale Ingractivities in Nogales, Sonora in a manner that
will support the development of a detailed coursaation aimed at significantly reducing small-
scale burning.

The Problem

Small-scale burning of wood and other combustibd¢emals is known to contribute to elevated
levels of particulate matter (PM) emissions in Amiogales. Other sources of particulate
matter include unpaved roads, hillside erosionjclefemissions, and industrial pollution.
Scientists and policymakers are especially conckabeut particulate matter generated in urban
areas, where metals, carbon, ammonium, sulfatieates, and organic compounds make up and
become attached to the airborne particles ancharettansported into human bodies via the
lungs.

In Ambos Nogales, both cities regularly violate @b air quality standards of their respective
countries as a result of elevated PM levels. Thesels vary due to actions on the ground and
also wind patterns; the highest concentration adlsairborne particles have been found to occur
in Nogales, Arizona in the morning and evening, mwiiee winds are coming from the southeast
(Anderson 2007). In Nogales, Arizona, RNparticulate matter 10 microns or less) levelgros
consistently between 1995 and 2001, and despémpdrary decline, are on the rise again. The
150u/m? standard for Plyh maximum 24-hour concentration has been violatewistently since
1998. In Nogales, Sonora, maximum 24-hour,fPdbdncentrations have exceeded the standard
every year but one since 1997. In Nogales, Sonlaragerous Pl (particulate matter 2.5
microns or less) levels have contributed to violagi of the U.S. standard, though the 24-hour
PM s levels have generally been within standard lif?MSEQ 1999).

Elevated levels of particulate matter have serregative effects on human health, child
development, and economic activity. Particulatetendtas been identified as a key factor in
respiratory illness and an asthma trigger in AmKogales (Arizona Department of Health
Services 2004). In general, particulate matteiniseld to increased death rates among the elderly
and people in poor health due to respiratory distrhigher rates of infection following

particulate matter exposure, precipitation of acateliac events, and eye irritation and
infections. Recent studies have shown that evengyand healthy people are negatively

affected by particulate matter. Lung damage ocitutise deep, thin-walled bronchioles of the
lungs and results in fibrosis, a form of scarriagg abnormal thickening of the breathing
passages, similar to the damage found in the lahgeavy smokers (Andrew Churg in Raloff



2003). Growing clinical and epidemiological evidenkdicates that the majority of excess PM-
related deaths are attributable to cardiovascusaade (Lippmann 2003).

A specific concern for border communities such ashaAs Nogales, where the rates of diabetes
are high, is that diabetics have been found todegolarly susceptible to the health effects of
particulate matter. Diabetes can lead to seveimascular disease and increased susceptibility
to infection, and particulate matter aggravates$ loconditions. Based on several studies in U.S.
cities, the risk among diabetics for hospital admoiss associated with particulate matter was
found to be double that of the general populati&anpbetti, Schwartz, and Dockery 2001;
Zanobetti et al. 2002).

ADEQ (1999) estimates that PM emissions resulttio 84 percent increases in hospital
admissions in Ambos Nogales and lead to a 3 taéepéincrease in premature deaths in
Nogales, Arizona and a 26 to 44 percent increapeemature deaths in Nogales, Sonora.
Respiratory and cardiovascular illnesses can r@ssignificant decreases in school and
workplace attendance and, therefore, in the shod-long- term depression of economic
activity. Indoor air pollution exacerbates the iragsaof poor ambient air quality.

In Ambos Nogales, ADEQ (1999) identified road dasthe main source of Riyand vehicular
emissions as the primary source of hazardous #utaots (HAPsS), though concern about
burning of wood and other combustible waste andpsoraterials was high enough to lead to the
development of an Action Plan to address thesecesysee below). Recent analyses of PM in
Nogales, Arizona document the presence of compocmiisnon in plastic bags and indicate that
garbage burning is a significant source of PM #waumulates there (Anderson 2007).

Wood burning is common in some neighborhoods ind\esyand increases during the winter at
the same time that temperature inversions trapdiutants close to the ground. In a review of
studies on the impacts of household-level burningi@mass fuels (defined as wood, dung, and
crop residues), Bruce et al (2000) found that sniak® biomass cooking fires has been shown
to increase the risk of chronic obstructive pulmgrdisease and acute respiratory infections in
children, the most important cause of death amdwidren under 5 years of age in developing
countries. Biomass burning may also contributete birth weight, increased infant and
perinatal mortality, pulmonary tuberculosis, nasoyhgeal and laryngeal cancer, and cataracts.
“Exposure to indoor air pollution,” they write, “mde responsible for nearly 2 million excess
deaths in developing countries and for some 4%@ftobal burden of disease” (Bruce, et al
2000: 1078). According to the United Nations Depeh@nt Programme (UNDP 2005: 6),
“(Dndoor air pollution..accounts for a greater share of lost life expegtamdeveloping
countries than malaria, but receives little attemti

The Political Context

In 1993, the U.S. State Department establishe@tinder Liaison Mechanism (BLM), a
diplomatic instrument to achieve dialogue and cowiibn between sister cities on the U.S.-
Mexico border. The BLM was designed with a flexiblganizational structure to facilitate
binational, intergovernmental collaboration at lpstate, and federal levels. Nine BLMs,
chaired by U.S. and Mexican consuls, operate imd&opair” cities and “have proven to be



effective means of dealing with a variety of loissues ranging from accidental violation of
sovereignty by law enforcement officials and chargkmistreatment of foreign nationals to
coordination of port security and cooperation iblpuhealth matters such as tuberculosis. In
conjunction with the 1998 New Border Vision, theildd States and Mexico agreed that each
BLM would establish three working subgroups: Ecormmand Social Development,
Protection/Migration and Border Crossing Facilaatiand Border Public Safety”
(http://www.state.gov/iwww/background_notes/mexic@R® bgn.html).

The Arizona-Sonora BLM is co-chaired by the U.S] 8exican consuls serving in Ambos
Nogales and addresses issues of interest in tlhikeboommunities of the two states. Meetings
are held approximately three to four times yeahd the consuls invite various participants,
primarily from the law enforcement, diplomatic, amdinicipal sectors, based on their interest in
and potential contributions to the various agemgéts. Communication between these
meetings is largely driven by specific projects @ggample, implementation of the laser visa
system), developing events (such as deaths amosg #itempting to cross the border into the
U.S. without documents), and the overall missidrth® agencies involved. To the extent
possible, issues raised are resolved at the leeal;lwhen this is not possible, policy matters are
elevated to the appropriate authorities.

In 1999, the U.S. and Mexican consuls in Ambos Nexjeecruited the Arizona Department of
Environmental Quality (ADEQ) and Secretaria dedaftrucura Urbana y Ecologia, Sonora
(SIUE; Secretary for Urban Infrastructure and EggldSonora) to assist them in establishing the
Nogales BLM’s Economic and Social Development Sabgr(BLM Subgroup) with the

specific purpose of addressing the binational aality problem in the region. Since its
inception, officials from ADEQ and SIUE, togetheitimthe two consuls, have co-chaired this
BLM Subgroup. The first task of the BLM Subgroupsaa develop a set of recommended
actions to improve air quality in Ambos Nogales.NBSubgroup members proposed and
accepted a set of operational ground rules andtlatiéor reaching consensus on all group
decisions (Austin et al. 2004). In the first phassgeries of informational sessions focused
primarily on five aspects of the air quality prailén Ambos Nogales: residential emissions
(primarily from wood burning and garbage burnirgpil erosion, unpaved traffic areas, traffic
congestion, and vehicle emissions. These probleens identified in a binational air quality
study conducted jointly by ADEQ and Mexico’s Seargtt of Environment and Natural
Resources (SEMARNAT) and by local residents andrenmental professionals (ADEQ 1999).
The BLM Subgroup sought final recommendations watld include long-term solutions but
would focus on well-defined options likely to hayeeater impacts in the short and medium
term. After discussing the proposed revisions Bhl®l Subgroup further refined the
recommendations to distinguish “high” and “addiafrpriority items. Though high priority
items were to receive greatest emphasis, the gexqgnized that some items on the additional
priority list, especially those that might be easied quicker to implement, should also receive
attention.

In 2002, the U.S. Environmental Protection AgerfeA) and SEMARNAT, in partnership

with the U.S. Department of Health and Human Ses/i¢iHS), the Mexican Secretariat of
Health (SS), and other federal agencies, create8dinder 2012 program. Established with the
participation of the ten border states and U.8atgovernments, the mission of the Border 2012



program is to “protect the environment and pubéelth in the U.S.-Mexico border region,
consistent with the principles of sustainable depelent (EPA 2007). The legal basis for the
Border 2012 program is the 1983 Agreement on Catioer for the Protection and
Improvement of the Environment in the Border Area Paz Agreement) which was signed in
La Paz, Baja California Sur, Mexico, and empowelS.ldnd Mexican federal environmental
authorities to undertake cooperative initiativelse Ten-year Border 2012 program was designed
to be implemented through multi-year binationalgseans with an emphasis on a locally-driven,
bottom-up approach with the expectation that emvirental issues in the border region will be
best addressed by local decision-making, prioetyirsg, and project implementation. EPA and
SEMARNAT serve as National Coordinators for thesmypams. Regional workgroups assist in
the identification and proposed resolution of borlevironmental problems. Then, local task
forces, made up of representatives from paireéstare established and operate to address
locally-identified needs. Five task forces werabkshed in Arizona and Sonora: Water Quality,
Air Quality, Children’s Environmental Health, Emergy Response, and Hazardous Waste.

A Structure for Addressing the Problem

The Border 2012 program has six primary goals,awvhich are to Reduce Air Pollution and
Improve Environmental Health. Air pollution is ctgaan ecological problem with severe public
health and economic development consequences.dresadthe serious air quality problems of
the region, in 2005 the BLM Subgroup in Ambos Negand the Border 2012 Ambos Nogales
Air Quality Task Force came together to complete famalize the 12-steplan of Action for
Improving Air Quality in Ambos NogaléBorder 2012 Ambos Nogales Air Quality Task Force
and Border Liaison Mechanism Economic and Socialemment Subgroup 2005). Air quality
improvement recommendations outlined in the platuche a variety of actions aimed at
reducing garbage and wood burning. This studyesddis Recommendations F (Reduce
Garbage Burning) and H (Reduce Wood Burning) ofAbon Plan. Three suggested priority
actions for reducing garbage burning include: (dprove garbage collection services in
Nogales, Sonora, by extending regular, weekly serto colonias not currently receiving such
service; (2) Conduct extensive public educatioratee community consciousness about the
importance of not burning garbage; and (3) Enftaiees against the burning of garbage more
aggressively, including imposing fines. Becausselections were identified by the task force
with only limited data available, the present stws designed to get more data on both garbage
burning and what would be necessary to accomtisbet priority actions and others necessary
for reducing burning.

The goal of Recommendation H is to reduce the bgrof wood and combustible waste
materials through household-level actions thatlmataken even without major investments in
infrastructure and without significant changesacal and national policies. Two suggested
priority actions for reducing wood burning includé) Provide device subsidies; and (2) Initiate
thermally designed housing pilot projects. Agang purpose of this study is to gather the data
needed to make it possible to carry out theseipribems and identify other means of reducing
wood burning. These actions are expected to hgvéfisant impacts on both household and
community-wide air quality, especially during th&ld; winter months.



The focus of this study is Nogales, Sonora bectheseity is much larger than Nogales, Arizona
and both garbage and wood burning occur with gréagquency there. Initial studies conducted
in Nogales, Sonora, provide information about aergrof resident behaviors that affect air
quality, including wood, coal, fuel oil, and garledgurning. A 1999 study by researchers at
Arizona State University indicated that 23 peraaitiogales, Sonora households burned wood
(Sadalla, Swanson, and Velasco 1999). However usedhe study was designed to document
pollution produced by workers brought to border ommities by maquiladoras, insufficient data
were collected about such factors as what was bminged, frequency and extent of burning, or
seasonal cycles of burning, so the study is oftéchhelp in identifying means for reducing the
incidence and consequences of small-scale burriingexample, the researchers did not
investigate links between household garbage buramagfactors such as garbage collection.
Neither did they examine the factors affectingebaditions under which residents burn
materials for heating and cooking. Local officialsd residents report more garbage burning in
areas where garbage service is unavailable, it requires further investigation. Garbage
burning sometimes occurs even in neighborhoodsewsgular collection services are provided
three times each week.

A pilot study investigated the potential for rechgcburning for cooking and heating through the
introduction of efficient and low emissions techogies and through more thermally efficient
construction (Austin et al. 2006). However, thatdstwas conducted in only two colonias and
the relevance of their findings across the munliipe unknown. Furthermore, the focus of that
study was on the introduction and acceptance ofteetanologies, so limited data about burning
were collected.

Potential to Reduce Garbage Burning

Burning garbage is one approach to reducing oriediting the presence and potential negative
impacts of garbage within a household, neighborhoodity. With its focus on households and
small businesses, this study addresses a portitire afastes defined in Mexico as municipal
solid wastes (MSW): those coming from activitiesrieal on in homes, places of public and
private service, buildings, and commercial andiserestablishments that are not considered
dangerous due to their chemical and physical nd8EE€OFI 1985, Bernache et al. 2001).
Mexican urban settings, residential wastes makiepnain component of MSW (Castillo,
1990; Phillips et al., 1984; Rathje et al., 198BstRepo et al., 1991; Ramirez and Chavez, 1998;
Arias et al., 2001; Buenrostro, 2001). Consequeittly reasonable to expect that addressing
household garbage burning within the context aofeatler program of MSW management will
have an effect on air quality as well. The follog/iparagraphs provide information about solid
waste management in Mexico; details about Nogalase found in Chapter Two and the
remainder of this report.

Ojeda- Benitez and Beraud-Lozano (2003) identifiede types of sites in which the disposal of
MSW occurs: (A) Controlled/sanitary landfill. Theaee sites destined for the final disposal of

! SEDESOL defines municipal solid waste as that tvisagenerated in households, parks, markets,sstfarilities,
demolition sites, construction sites, institutiogsneral services establishments and all thos&ipating in
municipal activities that do not require speciattrol techniques (National Institute of Statisti@gography and
Computer SciencefNEGI, 2002, cited iDjeda- Benitez and Beraud-Lozano 2003).



MSW that have partial inspection, supervision, apglication of necessary measures to comply
with the established regulations. These disposad siave to comply with Official Mexican

Norm, NOM-083-SEMARNAT-2003, which establishes toaditions required by the sites
destined for final disposal, including restrictidnsavoid affecting construction sites and
protected natural areas, required minimal distdao@rports, roads, railroads, hydrological,
geological, and hydro-geological aspects and tipdiGgtion of equivalent technologies and
systems. (B) Uncontrolled dump. These are sitesevtiiéferent types of MSW are disposed and
mixed without any control. (C) Open dump. Thesesites where MSW is disposed and
accumulated illegally without any technical contt@bmmon sites include deserted lots, ravines,
rivers, creeks, and other bodies of water. In 28@3 most recent year for which data are
available from SEDSOL/INEGI, 56 percent of MexicSW went to sanitary landfills, 11
percent went to uncontrolled dumps, and 33 penwvent to open dumps (INEGI 2006a).

Improvements in waste management require attetibmman behavior and local waste
characteristics and can derive from applying redesesults to the definition, design, and
implementation of a management plan that invohasgovernmental sectors, as well as
municipal, state, and federal governments (Buero@std Bocco 2003). In general, the trend in
waste treatment and handling technologies in manytries is to increase diversion of waste
from landfills (Fehr et al. 2000).

In Mexico, the management and final disposal oflsehste are the responsibility of both states
and municipalities. Each municipality is responsitdr providing free public sanitation service
via the collection and transportation of solid veash general, this service is limited to those
wastes that are catalogued as MSW, though therbdsssome confusion over the definition of
solid waste and municipal solid waste (Buenrostrd Bocco 2003). In addition, the federal
government, through the National Institute of Eg9I¢INE), can promote coordination and
consultancy agreements with both states and matittgs to develop and improve collection,
recycling, treatment, and final disposal of murétigolid waste (Ojeda-Benitez and Beraud-
Lozano 2003). Between 2000 and 2003, the latess yeawhich data are provided by the
Secretaria de Desarrollo Social (SEDESOL) via INE#HIcial estimates are that between 83
and 87 percent of the total amount of municipalteegenerated is actually collected (INEGI
2006a). Those figures have remained fairly constaat time (SEDESOL 2000, cited in Ojeda-
Benitez and Beraud-Lozano 2003; INE, 1999; citeAnmijo de Vega et al. 2003), and are
similar at the level of individual cities as wed the national average. In Nuevo Leon in 1998,
for example, less than 85 percent of the estimiatiad refuse generated in the city was collected
(Medina 1998). There, uncollected waste was folladally dumped in vacant lots scattered
throughout the city or in creeks that feed the Grande. Information about Nogales’ MSW
program is provided in Chapter Three of this report

Production of Garbage from Households and Smalifgsses

Review of the relevant literature reveals divergityvaste composition from one country to
another, between urban and rural areas, and eandne city to another. Without a waste
characterization study, it is not possible to datee the specific amounts of waste generated in
Nogales. Nevertheless, data from other studiesigeaan indication of the types of materials
found in municipal solid waste and changes in vawand composition over time.



Unfortunately, many of those studies lack any asialgf waste management programs and
information on how to get programs to work better.

The amount and type of solid wastes generatedyirtammunity is related to population size,
levels of consumption, level of technological deyghent, and characteristics of the products
that are consumed; for example, processed goodsaoeiated with higher levels of packaging
(Bernache 2003). In Mexico, related factors affegtolid waste generation are the amount of
the land under settlement; heterogeneity in consyaierns; uneven and rapid industrial
growth; migration from rural to urban areas; theklaf planning; social, economic, and cultural
status; and the influence of United States consyakterns, especially in border communities
(Ojeda-Benitez, Armijo de Vega, and Ramirez-Barg€00). A recent study found that 56
percent of the municipal waste in Guadalajara cdmoes homes, with the other 44 percent from
a variety of sources including public parks, maslatd streets; governmental institutions,
schools and universities; and commercial centadiidtrial, non-hazardous wastes were found
to be only a minor part of the total because ohhaes of recycling of such wastes as
cardboard, wood, and plastic, mostly by small reogdirms (Bernache 2003).

Mexico is experiencing an urbanization process hctv approximately 70 percent of the
population is concentrated in its ten largest sjtthe rest are spread throughout 200,000 towns.
This has caused a change in the population’s copisoimpatterns and has resulted in a more
heterogeneous composition of solid waste and aease in its generation rate. SEDESOL
divides the country into five geographical zonasgorposes of evaluating waste management:
(1) border with the United States, which extend$aup00 km to the interior, (2) northern, (3)
central, (4) southern, and (5) Distrito Federaltadfeom INEGI and SEDESOL (see Table 1.1)
indicate that Mexico City has the largest wasteegation per person, followed by the U.S.-
Mexico border region; within the border region #reount of waste produced per person per day
is just over 1 kilogram. In the country as a whdithe production of waste per person per day
increased three-fold between 1975 and 1999; thalptpn increased in the same period from
30 to 98 million people (INE 1999). Data from SEMKWRT (2001) show a 200 percent increase
in municipal solid waste generation per personesit®50 with increased consumption of
processed goods playing a major role. A study efrtte of packaging in Mexico City

conducted by Rathje et al. (1985), for exampleoriga that packaging made up 20 percent of
the total household wastes (though still lower tti@n40 percent found in U.S. households).

Table 1.1. Production of Municipal Solid Waste irhXito, 2005, according to Geographical
Zones

Region Production (kg perAnnual production Percentage of total
person per day) | (tons) waste produced

Border 1.048 5,591,800 15.8

Center 0.882 17,795,575 50.3

Federal District | 1.414 4,549,725 12.8

North 0.774 3,912,800 11.0

South 0.697 3,533,200 10.0

National 0.911 35,383,100 100.0

Source: INEGI (2006b). Con base en SEDESOL. DGQ@ibdBecciéon de Asistencia Técnica a
Organismos Operadores Urbanos Regionales



Data on household waste are generally obtainealgcting and sorting waste into material
composition categories and then weighing the wasterecording the information collected. In
Mexico, garbage studies have shown significantatiam in the generation of household waste
per person. Several studies conducted in the 18894990s concluded that almost half of the
sample refuse from Mexico City was food debris (fRaet al. 1985; Phillips et al. 1984;
Restrepo and Phillips 1985; Castillo 1990; Restretpa. 1991), though in general the
composition of the waste stream has shifted wittmgrily organic, easily biodegradable
material being replaced by substances with a skewemhposition rate (Ojeda-Benitez and
Beraud-Lozano 2003). These findings locate Mexietwken the United States, where only
about 20 percent of household waste comes from doddorganic matter, and countries like
Brazil, where a waste characterization in the eftberlandia, located in the central part of the
country, indicated that 72 percent of the wastewbight, consisted of biodegradable organic
matter (Fehr et al. 2000h a recent study in Guadalajara, most of the wasiefound to come
from the kitchen in the form of peelings, bonegdseand other by-products of food preparation
processes starting from fresh produces and ravedligmts (Bernache et al. 2001). In that study,
about 41.6 percent of the waste coming out of Hoaigls was kitchen organic wastes and
another 12.2 percent came from garden and plantgenance (grass clippings, small branches,
dry leaves, and the like). Paper and cardboard mpd®.6 percent, plastics 9.6 percent, glass 4
percent and metals 1.5 percent of the overall vief@ther categories which contributed less
than 5 percent each but were found to be impovtang rigid plastic containers, plastic film and
bags, transparent glass, and cardboard.

With respect to the final disposal of solid wastieyost all continues to be managed in open-air
dumps, non-controlled landfills, and sanitary lal&l{Buenrostro and Bocco 2003). The
majority of sanitary landfills in Mexico do not cqhy with existing environmental laws. There
is little control over the solid waste that is dsiped in the landfills and the daily covering of
wastes is inadequate. Still, during the period fd#82 to 1998, the amount of solid waste
collected increased by about 18 percent. On avelgrican municipalities direct around 6
percent of their annual budget toward public séiema(SEDESOL 1999, 1995, cited in
Buenrostro and Bocco 2003).

Burning Seen as Response to Inadequate Service

In general, the type and quality of garbage cabbecservice has been found to be linked to
distance from the city center, with neighborhodus aire further away receiving less regular
service. For example, in Tlaquepaque and Tonalggimed neighborhoods on the outskirts of the
urban center receive waste collection service awweek or less (Bernache 2003). In those
cities, inefficiencies in collection and transptida of municipal solid waste exacerbate existing
problems; with only two functional transfer statioas many as 77 percent of the collection
trucks operating in the metropolitan area haveawed long distances to take their load directly
to the municipal landfills. In Nuevo Laredo, wastdlection was occurring once a week, which
residents considered insufficient to their needediMa 1998). Residents of neighborhoods not
served by municipal collection often burned thefuse in their backyards, in front of their
homes, or in the nearest open space.



Changing Management Practices

Unlike the majority of waste management studiesfthaus on diverting waste from landfills,

this study is concerned primarily with improvemeintshe collection and disposal of waste in
order to decrease the burning of garbage at hontesraall businesses. Consequently, this study
pays greater attention to the system of trash cidie than to what is happening at the landfills.
At the same time, diversion of materials from taedfills can lead to cost savings throughout

the system and thereby increase the resourcesbleaib other aspects of the waste management
program. In Brazil, researchers examined the saparaf humid (biodegradable) from dry

(inert) waste and concluded that a successful progrould divert 84 percent of solid household
waste from landfills, which would drastically redueaste handling costs. However, they also
concluded that such a program would neverthelesstelan enormous managerial challenge and
represent a radical change in environmental manageim the region (Fehr 2000; see also
Calcado 1998).

Waste management strategies that specifically foougducing the volume of waste entering
landfills often aim to increase waste recycling asuakse through adequate management, new
markets, and more effective systems. Waste musatefully managed for recycling because
mixed collection and compacting during transport lcaver the quality of potentially recyclable
components and therefore their economic value (E@00). Other municipal waste management
technologies designed to reduce waste going tdilendclude incineration, composting and
anaerobic digestion, selective collection of ordyng items, and post-collection separation.
Selective collection from households has been fdarixk inefficient because waste collectors
are required to sort through the waste as thegdoli; inefficiencies result from the time
required to sort the waste en route, the amountatérial that could be separated but is
overlooked in the process, and the contaminatiqroténtially recyclable or reusable items
(Fehr 2000).

In their studies of solid waste management in Maximunicipalities, Buenrostro and Bocco
(2003) identified several problems that requiradrdton: (1) lack of suitable solid waste
collection equipment (i.e. those that are not sluitethe type of waste being collected or
produced); (2) incorrect design of the collectionte; and (3) miscalculation of the void space
required for sanitary landfills. Yet, efforts toastge municipal solid waste management
strategies face significant challenges. BernacB@3Rhas identified four reasons for the absence
of more sustainable waste management practicemyticipal authorities do not consider that
economic investment in municipal solid waste mansayg has political value; (2)
environmental and sanitation department authoritéase limited experience and little
specialized knowledge on environmental issuesw(8kers have little or no motivation or
incentive for change; and (4) those responsibléifemprograms have little knowledge of
possible technological innovations.

Potential for Recycling

In a recent study in central Brazil, researcheonibthat separation of recyclables at the
household level would divert a relatively insigo#nt part of household waste and would have
high costs both in terms of infrastructure and etiooal efforts making street collection of
items that had been separated for recycling ecaraliyiinfeasible (Fehr 2000: 253). The



researchers therefore focused on creating anaitiandustrial recycling or reuse system.
However, studies describing the composition andl filisposal of household solid waste in
Mexico have found that a significant amount of thieste could be recycled (Buenrostro et al.,
2001; Bernache-Perez et al., 2001; Gaxiola, 199&d@Benitez et al., 2000). In one study, the
profile composition of the 69.6 daily tons of segiad materials sold to recyclers in Guadalajara
consisted of 35 percent glass contributes, 30 peplastics, 10 percent paper and cardboard,
and 10 percent metals (Bernache et al., 2001) pitfde changed according to variations in
market prices, seasonality, and other factors.

Other researchers, too, have found that the mgjotiMexican household waste is potentially
recyclable or compostable. However, lack of sepamand of local facilities that accept
recyclable and organic wastes reduce the amountitdrials that are actually recycled or
composted. In a study in Mexicali, for example, djenitez et al. (2000) found that within the
coloniathey were studying, 18.6 per cent of the totaltevasllected could be recycled locally,
68 per cent was potentially recyclable (but theegeano recycling industries in the area), and
13.3 per cent could not be recycled.

Participation in Recycling Programs

Many cities and communities across the globe h#eenated to initiate recycling programs. As
in other aspects of municipal solid waste managénitemas proven necessary to design
programs to promote recycling and reuse behavmatsrespond to the specific characteristics
and needs of each community. An integrated vieallokaste diversion activities is necessary
because changes in one aspect of a waste managanogram will affect others as well. As
noted by Martin, Williams, and Clark (2006), recesgearch on recycling has focused on
recycling awareness, participation, and behaviesjghs of recycling schemes; economic
incentives to encourage recycling; effective pubfiand promotion; and cultural factors.
Unfortunately, the information that is publishead@nplex and often contradictory and difficult
to interpret, which creates significant problemstfmse responsible for developing waste
strategies and policies. The aim of this sectido discuss research findings that are relevant for
Nogales.

Household recycling requires people willing to releyand the supporting infrastructure for them
to do so. People participate in recycling prograoog,generally only if the local recycling
services are reliable and convenient. In survegaesh, self-reporting of recycling behavior
tends to be exaggerated, sometimes by as much@er&nht (see Martin, Williams, and Clark
2006). For example, Perrin and Barton’s (2001) yofdhe implementation of two curbside
programs found that the most common reasons pegapke for not recycling before the
programs were put in place were inconveniencefdickne, distance to recycling centers, and
storage/handling problems. However, the curbsidgnams generated only half the recyclables
expected, suggesting that the other previouslyilepsrtant reasons such as ‘insufficient
recyclables’, ‘too much effort’ and ‘apathy’ alsdluenced residents’ behavior. The provision of
regular feedback to householders regarding reayslamvices and the performance of both the
individual household and the overall program hawen to be important to the success of
recycling programs (Martin, Williams, and Clark B)0
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The wealth of the household has been found totaffeether or not its members participate in
recycling and reuse programs. For people with fesources, reuse and recycling are often
undertaken not as pro-environmental actions bptrastices of subsistence, habit, or preference.
Chung and Poon (1999, 2001) for example, foundith@hina people of lower socio-economic
status recycled most because they were able tdib@nancially from selling the recyclables. In
a recent study to investigate personal and sitoatipredictors of reuse and recycling behaviors
in Hermosillo, Corral-Verdugo (2003) found that ploal situational factors such as having
space for storage of objects, size of householéat, and the presence of cabinets for saving
objects were determinants of conservation practegsecially of reuse behaviors. Thus,
households with more resources tended to recycte;mpeople in extreme poverty who did not
possess much had little to reuse or recycle. Foplpdiving in a moderate state of poverty, the
researchers determined that success in promotwigpemental behavior was tied to whether
people had opportunities such as good employmeahamic support, education, and job
training that allowed them to improve their econosituation.

In other studies as well, lack of storage has Iseem as a major barrier to recycling due to the
conflicting claims on storage space both inside @mndide the home. The need for adequate
space for extra bins both inside and outside malawllenging to create an equitable program
when people are charged money for failure to pagte in the recycling program or are offered
rewards for their participation (Martin, Williamand Clark 2006). Researchers noted that many
households would not have the space to be abék&advantage of comprehensive recycling in
order to either offset fines or charges or to eawards.

In many communities, scavengers recover and reeyldege quantity of materials, often in
larger quantities than what is obtained in the falrprograms of developed countries
(Buenrostro et al., 2001, Trejo-Vazquez and Cesp&dd¢o 1989). When communities
implement recycling programs, they must recognime a@count for the presence of the
scavengers, both to protect the interests of iddads whose livelihoods depend on having
access to the materials and to recognize that sgave will glean the most valuable materials
and reduce the potential for producing income fthenoverall program. For example, Bernache
(2003) reported that scavengers working at thescttymp site and sanitation workers assigned
to collection trucks were the most effective agdotseparating MSW in Guadalajara.

Medina (1998) studied recycling programs in Laradd Nuevo Laredo and found that informal
recycling of aluminum cans alone involved over B,0@ividuals who were collecting the cans
and also provided work opportunities for 74 empésyerho handled and processed the
recyclables at scrap dealers. In those communthiese types of individuals were responsible
for the recovery of approximately 75 percent ofdheninum cans consumed by the population
of the area: dumpsite scavengers, street scavergelpeople in homes and small businesses
who separated their cans. He found that a persigteblem for the Laredo recycling program
was the theft of aluminum cans by scavengers, whplg gathered the cans from the containers
designated for recyclables before the collecti@wsrarrived. Buenrostro and Bocco (2003)
have observed that the presence of increasing mgmobscavengers is tied to both population
growth and income inequality in Mexico and that ghsite scavengers operated under social and
environmental conditions that made it very difficldr them to improve their economic level.
Though these groups often have variable membensiijgch can make it difficult for
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government leaders to work with them, it is impottioat they be included in decision-making
processes regarding solid waste management, bechilmsgr knowledge and success, and their
economic vulnerability (Buenrostro and Bocco 2003).

Some studies have shown that the type of contaprexsded makes a difference in whether or
not people participate in recycling programs. Barnaple, Everett and Peirce (1993) found that
in the United States rigid containers were perakioebe more convenient and produced higher
recovery rates than sacks, and Price (2001) foaudin the United Kingdom the introduction of
wheeled bins led to an increase in general wadtenas. Transparent containers to allow for
verification of the contents have been successtigbd in some places (see below under
composting).

A number of studies have attempted to determindlveineoluntary or mandatory programs get
better results, but the findings have been mixeeither case, once designed, programs are not
effective without concurrent community and munitigampaigns for the collection and also
sale of recyclable refuse and education campalgatsptrovide information about how to
participate.

Recycling Programs in Educational Institutions

Educational institutions are often targets for ohicyg programs because recycling is among the
most visible, measurable, and enforceable of t@@mmentally sound practices that a campus
might undertake, but few programs have been studieétermine their effectiveness. Based on
experience at the Universidad Autbnoma de Bajaf@ala, Armijo de Vega et al. (2003)
determined that waste management program coordmegguires the cooperation of all sectors
of the campus: directors of grounds maintenanc&pdial services, food services,
superintendents of laboratories, libraries andsctamm buildings, leaders of student
organizations, and environmentally minded faculgmmbers. Once started, the program must be
monitored carefully and the campus population tdlgrogress or setbacks. Education and
motivation must be directed at all the universitgtsnmunity including high ranking
administrative and academic staff. To be successfluicational institutions must:

= Train teachers about waste management and recycling

= Produce activities for waste reduction in the tosion;

= Separate wastes produced in the institution;

= Encourage students to participate in short proj@stait recycling and reducing

activities;
= Encourage students to visit recycling centers andiaipal landfills.

Composting

Organic material causes special problems for MSWagement so many municipalities have
tried to develop programs to deal with it. Separatf organic matter from recyclables has been
identified as critical in a comprehensive progranavoid contamination of the recyclable
materials. In Tucson, for example, food-contamidateterials (e.g., unwashed cans or bottles)
cannot be placed in the recycling containers, igas of whether the materials themselves
would be recyclable otherwise.
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Fehr (2000) developed a model for an urban ar&aril that focuses on the separation of
organic (humid) and dry waste at the household .&fe model requires the use of two
receptacles at each household, one for biodegradaste and the other for all the rest. Such
separation was included to eliminate problems W&t odors and sanitation because the humid
waste was enclosed in plastic bags and discardgdfaiacollection. The dry waste could then
remain stored for longer periods without causingppgms. The model was implemented in two
condominiums, one with 48 and the other with 12tapents, in order to show its functionality,
measure the results, and determine how much airtfenic waste was recovered. First, the
system was explained to all residents. The resieng instructed to collect biodegradable
matter separately in transparent plastic bags thatht could be directed to composting
operations with a minimum of further sorting. laltsorting revealed the presence of
considerable amounts of humid waste in the fraatadted dry by the residents, but with each
successive iteration, accompanied by feedbacketoetsidents, the fraction of humid waste that
was separated out increased. The results indicatevith enough support the residents were
able and willing to change their behavior. The aeskers estimated that expansion of the
program to larger condominium units would requudiional time; they estimated that a
complex of 120 apartments would require the eqgaivabf 8 person-months to implement. The
human as well as physical needs of an urban comggstogram would require attention in
Nogales as well.

Need for Education

The success of any recycling and composting progtzes been tied to education and outreach
efforts. There is a growing movement to emphadiearmportance of developing environmental
awareness across Mexico’s school population (Bar2@f1), though a major bottleneck of
education in general, and environmental educatigrarticular, has been teacher training and
sensitivity about environmental matters. Buenroatrd Bocco (2003) have observed that it is
important to develop mechanisms to improve the eocatpn between the Ministry of Education
and the Ministry of Environmental Protection in thevelopment and implementation of
environmental education programs, both to makeg#meral society more conscious about the
implications and causes of solid waste productimhta put pressure on the different levels of
government to deliver coherent policies. Corraldigo (1996, 2003) found that watching
commercial TV correlated with a decreased reus®taff Mexican communities, and in some
instances also with lower participation in recyglend therefore recommended that special
efforts for delivering pro-environmental messadesugh written and electronic media should
be undertaken in the community.

Potential to Reduce Burning for Household Heating ad Cooking

Wood is used for heating and cooking throughouttbdd, primarily because it is an available,
affordable, and easy to use fuel source. The UiNisttbns Food and Agriculture Organization
(FAO) estimated in 1983 that three-fourths of tegedoping world’s population depended on
wood and other forms of biomass for heating andiomp including surprisingly large numbers
of people in urban areas (FAO 1983).
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Driven by the social, economic, and ecological peots accompanying deforestation and wood
shortages, the search for efficient alternativesandard wood-burning technologies has
proliferated. In addition, concern over the negatiealth effects of household cooking over
open fires and its contribution to poor indoorauality has led to numerous studies of the
impacts, as well as efforts to find low-emissiotisraatives. In many parts of the world, such
studies have focused on rural communities (see faBéaz, and Berrueta, 2005; Zuk et al.,
2006). While many Nogales, Sonora households sthemeacteristics of their rural counterparts
across Mexico where wood is commonly burned fotihgaand cooking, many differences are
also apparent. Information about household woodihgrin Mexico and its consequences is
provided below; details about Nogales are providetie other chapters of this report.

In Mexico as in other parts of the world, most ssdf wood burning and the potential benefits
of alternative stoves has been done in rural afFeasexample, in the village of San José Solis,
near Mexico City, Brauer et al. (1996) measuredd@iicentrations in eight kitchens using only
biomass, six using only liquefied petroleum gas@)Fsix using a combination of biomass and
LPG, and three using biomass in ventilated stolksy collected both outdoor and indoor air
samples and found that for both average and paateoatrations, PM10 and PM2.5
concentrations in the kitchens burning only biomasee significantly higher than in those using
all other types of stoves. A decade later, Regaédc. (2006) conductedcaoss-sectional
survey of cooking fuel use and respiratory symptant illnesses with 841 lifelong non-
smoking women in the village of Solis. The researstalso performed spirometry in the
women’s homes and measured particulate matter ntatien in the kitchen for one hour while
the women were cooking. The researchers found ieglik indoor concentrations of particulate
matter in homes of women cooking with biomass faeld, compared with those cooking with
gas, the womeshowed increased respiratory symptoms and a gigéraige reduction in lung
function.

Studies examining alternative wood stoves havelzden focused in rural areas. For example,
Zuk et al. (2007) evaluated the impact of improwsd burning stoves on indoor air pollution
in 53 homes in a rural town in Michoacan. They meed fine particulate matter less than 2.5
microns in diameter in the central plaza of the oamity and in three microenvironments in the
home (next to the stove, in the kitchen away fromdtove, and on the outdoor patio). They then
distributed improved wood-burning stoves, whicheveesigned to emit less particulate matter,
and measured PM concentrations again. A significant finding ofith&udy was that even
occasional use of the alternative stove (in congparivith cooking over open fires) led to
reduced daily average personal exposures tosPMhus, though only 44 percent of the
participants reported to use the alternative stexetusively during the study, participants’
average daily exposures were reduced by 50 perddm.findings from such types of studies
indicate that attention to investigating the incide of the use of wood stoves and the potential
for reducing particulate matter concentrations assbciated negative health effects in Nogales
households is warranted.

Outline of Report

An evaluation of small scale burning and developneéa plan of action requires an assessment
of burning behavior — where and why it is occurrihgnd also an assessment of forms of
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governance that would be appropriate for Nogalésyp@r Two describes the methods used to
collect and analyze information in this study. Clead hree provides background on Nogales,
Sonora, focusing on its growth and developmenictires for the provision of waste collection
and management services to its residents, mechamisraooking, and home construction and
heating. Chapter Four presents the results of gayfecus groups, interviews, and participant
observation that were used to investigate burrhiagjis occurring in the city — the who, what,
where, when, and why of both garbage and wood bgri@hapter Five discusses possible
means for reducing burning, examining what has Ieed in the past and the successes and
failures of those efforts, as well as the recommaéinds of people who participated in this study.
The chapter concludes with a discussion of resotisd are most likely to reduce small scale
burning in Nogales and the forms of governance ssang for achieving positive results. Chapter
Six presents an Action Plan for reducing smallestairning. Each action is considered
separately and includes a discussion of the ligk&ééen the action and the ultimate goal of
reducing burning and improving air quality, theiges$ responsible for carrying out the action,
the information and resources needed for implemgrihe action, and a timeline for completing
the action.
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Chapter Two: Study Methodology

Initial studies of small scale burning conductedgales, Sonora (Sadalla, Swanson, and
Velasco 1999, Austin et al. 2006) provide a valadidseline from which to develop a more
comprehensive study of small-scale burning, buy #ire insufficient for determining where and
why such burning is occurring and for identifyingt@ntial mechanisms by which the burning
can be reduced. This project was designed to gdttarabout factors associated with burning
(e.g., neighborhood characteristics, availabilitgarbage collection, household income) and
assess the potential success of alternative wamtagement, heating, cooking, and construction
technologies for reducing small scale burning. Thiapter describes the methodology for
gathering and analyzing data and using the regutlisvelop an action plan to reduce small scale
burning in Nogales, Sonora.

The purpose of this study was to develop and pmiidial evaluation of an action plan to

reduce small-scale burning, so the researcherséalcon collecting data that would be sufficient
for providing an understanding of where, when, ho@ small-scale burning was occurring in
Nogales in order to find ways to reduce the burprather than to determine the total amount of
burning. Consequently, a mixed methods approachselasted, with the attention to more
comprehensive data collection and analysis inecieh of neighborhoods across Nogales rather
than equal representation across the city.

Project Advisory Board

As described in the previous chapter, small scataibg in an urban area can result from the
lack of adequate infrastructure for collecting amahaging solid waste and for providing
affordable fuel for heating and cooking. The pransof infrastructure is the responsibility of
governments, commercial enterprises, and sometmesgiovernmental organizations (NGOSs).
Information about the roles of these various ergiaind how such infrastructure functions is
often disseminated through educational institutiérsy change in the system will likely require
the active participation of representatives frohitese sectors. Therefore, the study began with
the formation of an Advisory Board consisting o/gonment representatives from tinenicipio

of Nogales, the state of Sonora, and the stateiabAa; employees of a Nogales recycling firm;
neighborhood leaders; high school and college edte&rom Nogales, Sonora; a university
researcher and graduate students from the UniyersArizona (UA); and an outreach specialist
from a health-related NGO in Nogales, Arizona. Tdrisup provided a forum for formulating
research questions, planning contextually relevesgarch, and generating discussion and
feedback on the research process.

Initial research was undertaken to explore theimahip of burning to household- and
neighborhood-characteristics, such as accessrastriicture and services. The study was
designed to include: (1) a household survey; (@staurant survey; (3) a questionnaire; (4)
focus groups and interviews with neighborhood mrsis, small business owners, and
community leaders; (5) direct and participant obagon in municipal waste management
activities; (5) direct participant observation iouseholds where burning does and does not
occur; (7) the development of a draft action p(@);pilot testing of the activities included in the
action plan; and (9) finalization of the actionmld@he Advisory Board reviewed, modified, and
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approved the overall study plan; approved the saggtrategy; helped design the survey;
reviewed preliminary results and suggested moditiog; helped generate questions for
interviews and focus groups; identified potentiérviewees; helped researchers gain access to
government and business leaders; reviewed and imddife draft action plan and results of the
pilot testing; and approved the final action plan.

Sampling

With the help of the Advisory Board, the UA resdems determined an appropriate sample.
Nogales, Sonora presents several specific challethge to its size, variable population
densities, topography, and rapid growth. Basedxpemence and data from the earlier studies,
the researchers and Advisory Board members expezfet higher incidences of burning of
both garbage and wood in low income households.d¥ew Nogales residents, especially
people living in the marginal colonias, are underesented in the official national population
survey conducted every ten years by the Institigoidhal de Estadisticas, Geografia
Informatica (INEGI). Nevertheless, for the neightmods that are included in the census, a
preliminary assessment of the correspondence dNiB&I data and conditions within the
colonias, led the research team to determine ME&GI's poverty index was the best variable to
use for creating categories of units; it is congtrd at the neighborhood level from a weighted
average of illiteracy, primary occupation, watearstty, plumbing scarcity, electricity scarcity,
earth floor, and crowding (Pick and Rebeil 2003).

Data about various neighborhood characteristice watered into a Geographic Information
System (GIS) database as layers. Maps of Nogalessikared with members of the Advisory
Board and members pointed out that even the moshteersions of the maps, generated using
data from the city, state, and federal governméatked some of the more established colonias,
while other newer neighborhoods were included ertfap. The initial discussion of maps
catalyzed a lively discussion about perceptionganficular areas, how these perceptions
actually ‘mapped-on’ to reality, the validity ofggested correlations between vague measures of
socioeconomic status and propensity to burn, ane nidne visual presentation of preliminary
maps helped open a dialogue with the Advisory Boaethbers. Discussions about the
misrepresentation of neighborhoods and the peopteliwe in them highlighted both the
scientific and the political implications behincttesignation of being at-risk or of higher
propensity to burn garbage. These early discussitsosset the stage for how the Advisory
Board would help define and contribute to the stilmtgughout its implementation. Information
from the Advisory Board meetings was incorporated the findings of the study, as
appropriate. After the first meetings, the mapsengrdated to ensure that all colonias were
included. Census data were available at a pareel fer most of the city extent, so these data
were aggregated into the polygons representedebgdtv colonias (or rather, the newly
demarcated colonias). The problem was not a lackerfall census coverage but of accurate
colonia boundaries because the administrative kemiggirecognized by the communities were
not included in the GIS data layers. Once the nglamnias were identified, census data were
incorporated into the GIS database, and areasnwittensus data (or poverty index) were
assigned a null value.
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The researchers determined that the most effeapipeoach would be to select a sample of
Nogales neighborhoods and conduct household suyriagsviews, focus groups, and
participant observation within these neighborhoadisl then use the information they learned to
design the action plan appropriate for the eniire Sadalla, Swanson, and Velasco (1999)
conducted a survey in only the marginal coloniashenedges of Nogales; based on a random
sample of 400 households in those colonias, theyddhat 23 percent of the households
reported that they burned wood and 26 percent tegdinat they burn garbage on a regular
basis. A challenge for this study was to includeygles of neighborhoods yet ensure sufficient
representation of the neighborhoods where burniag expected to be more frequent. The
method of adaptive cluster sampling was determiadxze the most suitable for this study
because it is particularly appropriate for identifypopulations that are rare, unevenly
distributed, hidden, or hard to reach (see ThomA8®1, Thompson and Collins 2002). In this
approach, sampling units are categorized accotdirgelevant variable and then selected to
ensure that all categories are represented irirtaesample.

After some trial and error, the researchers setitedGEB units (Areas Geoestadisicas Basicas,
similar to U.S. census tracts) as the most apptgosampling units. An AGEB is a basic areal
unit created by INEGI that ranges in size from @5® blocks and includes around 2,500
inhabitants. Within Nogales, there are about 90 RGiaits with fairly decent levels of
homogeneity, a necessary factor in any type otetisampling. Using Jenks' method of natural
breaks, for which data are assigned to classesl hgmm their position along the data
distribution relative to all other data values,rejavith the 2000 INEGI data, the researchers
began by dividing the AGEB units into three catég®to increase the level of homogeneity
within each. The resulting three categories werss than 25 percent of the households within
the AGEB unit at the poverty level; 25 to 49 petagfithe households at the poverty level; and
greater than 50 percent of the households at therfyolevel (see Figure 2.1). The category with
the lowest proportion of households in povertyuded 62 AGEBSs, the middle category
included 27 units, and the one with the highespprtion of households in poverty included 10
units. The researchers then randomly selectedA@EB units within each category, resulting in
a total of 12 AGEB units.

Household Survey

With the assistance of the Advisory Board, the @8earchers designed a survey that they used
to gain quantitative information about what wasg®png in each of the 12 randomly selected
AGEB units. Using maps that showed all the AGEBsuan one side and then highlights of the
AGEB units that were randomly selected on the otiterresearchers located the AGEB units
within the city and identified the boundaries absk units. The process was pilot tested by all
researchers, questions were discussed and proldswised, and final maps were produced for
the research team. As dictated by the adaptiveerlsampling approach, after a first round of
surveying, once colonias where significant amoofhtsurning are taking place had been
identified, if necessary for sufficient represeimiatof households who reported burning,
researchers would randomly select an additiond&di®eholds from within those colonias to
complete the survey. As it turned out, the firstnd of surveys provided sufficient
representation of households reporting burninguseeying stopped at that point.
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Figure 2.1. AGEB units included in the study

Once the sampling design was approved by the AdviBoard, the research team designed and
pilot tested a survey (see Appendix A) to gathea dhthe household level. The survey included
guestions on access to garbage services, frequémgeybage services, whether respondents
burn garbage or wood and how often, whether angortée respondents’ street burns garbage
or wood and how often. In addition, though the slamgpmethod allowed for the identification

of houses in low/mid/high income areas, it did digtinguish low/mid/high income households.
Thus, a survey question was included to find oatititome level of the specific household to
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allow the research team to examine the influendsoti neighborhood and household
characteristics on burning. Figure 2.2 shows te&iution of individual household incomes
within each classification. Based on the resultdefpilot, the survey was revised to increase the
clarity and flow of the questions.

40000 —{ [¢]

D-- HH ingresos

20000 -

T
I |

T T T
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Poverty class

Figure 2.2. Variation in individual household incemvithin each poverty class category

A survey protocol was developed for randomly séhgci2 households within each AGEB unit
(with the goal of obtaining usable data on at |déstsee Table 2.1. and Appendix B). The GIS
database manager used a random point generateraiorine the starting point and direction for
the researcher to begin walking within each setestanple AGEB unit, and from those points
the researchers proceeded through the neighborhAbdach selected household, the
researchers administered the survey to the adulttbeewho answered the door, or the one
called to the door by a child, unless that indialdweferred the researchers to another adult in the
home.

Research team members analyzed and coded the sasponses, and the data were entered into
a database created using MS Access and incorparaitetthe GIS database. The analytical task
required comparing burning rates with differenceseighborhood-level factors (such as
topography and road quality) and household-lewebfs (such as income) to identify those
having the greatest influence on garbage burnimtgntiews, focus groups, and participant
observation were then conducted to investigateeatgr depth questions that arose from the
survey.
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Table 2.1. Survey Locations

Classification by | AGEB Colonias No. of
Poverty Index Units* Households
Surveyed
High (> 50%) 028-6 Colosio, Primavera, Jardines de la Montana, 46
037-5 Flores Magon, Articulo 27, Diana Laura
091-A
099-6
Mid (25-50%) 036-0 Bella Vista, Buenos Aires, CTS Cecro, Rosarito 43
083-5 2, Solidaridad, Seguro Social
084-A
116-1
Low (<25%)) 079-9 Bolivar, Chula Vista, Granja, Kennedy, Lomas|de 47
126-5 Fatima, Nuevo Nogales, Olivios
127-A
145-8
Total 136

*Note: Throughout the rest of the report the AGEBtsIare referred to simply as H-1 through H-4, Nkough M-
4, and L-1 through L-4.

It is important to note that while it is possibteutilize adaptive cluster sampling to gather data
from a sample and generalize to an entire populasoch an approach requires good data on the
number of individuals (in this case householdshimitach sampling unit. Due to concerns

about the validity of the 2000 INEGI data by 20864 especially for the marginal colonias, no
attempt was made to quantify the total amount ohimg occurring in Nogales.

Restaurant Survey

To get an idea of the nature and extent of woodgamdage burning in small businesses in the
city, the research team also designed and condactadvey of restaurants in Nogales, Sonora
(see Appendix C). The team selected restaurantbrfee reasons: (1) because they cook they
would be most likely of any other businesses tolwwod; (2) because they process a lot of
material that must go in and out daily, they geteeveaste that must be disposed of regularly;
and (3) because another team of researchers fr@inghtuto Tecnoldgico de Nogales (ITN)
and UA were conducting surveys of restaurants gsopa study of the potential for biodiesel
production and use in Nogales, research team mamege able to integrate their survey
guestions with the other survey and accomplish rtiae they would have otherwise.

To sample the most restaurants, researchers skleaieareas of the city with large numbers of
restaurants — the area near the border and theeaeahe center of the city (see Figure 2.3). The
restaurant survey was not intended to quantifyatheunt of burning occurring within such
establishments but instead to triangulate dat@ciatl from the other approaches. Survey data
was supplemented with information gathered frorariiews, focus groups, and participant
observation, as described below.
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Figure 2.3. Areas where restaurants were surveyed
Questionnaires by ITN Students in their Homes and Wrkplaces
To supplement the information gathered by the Ugeaech team, a group of ITN students also
designed and implemented questionnaires in theghberhoods and workplaces. They used
opportunistic sampling and asked questions abatbage burning and about burning wood for
cooking and heating.
Interviews and Focus Groups
UA researchers conducted interviews and focus grttuppughout Nogales, concentrating on the

colonias where burning was reported to be occurfihg purpose of the interviews and focus
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groups was to gather more comprehensive informatimut the burning practices of Nogales
residents and the policies and programs of the apaligovernment, private waste collectors

and recyclers, and construction specialists. Bylioimg both quantitative and qualitative
approaches, and triangulating the data from varsousces, the researchers were able to balance
the strengths and weaknesses of each approacitlaiegea higher degree of reliability and
validity. In-depth interviews were conducted widsidents, government officials, neighborhood
leaders, and scrap dealers. In addition, in-deg#rviews of the individuals involved directly or
indirectly in recycling were also carried out iretstudy aresBample questions are included in
Appendix D.

Direct and Participant Observation

Participant observation is a research strategydedito help researchers achieve a high degree
of familiarity with a given group of individuals drtheir practices through intensive involvement
by the researchers with people in their own envirents. For this study, UA researchers used
direct and participant observation to gather infation from meetings of the project Advisory
Board, the Ambos Nogales Air Quality Task Forcaghlkorhood meetings and clean-up
campaigns, and the various activities selecte@vatuation of the pilot action plan. In addition,
the researchers rode along with garbage collectotkeir regular routes, and spent time at the
municipal transfer station and in the homes oflloesidents.

Draft Action Plan and Pilot Testing

Development and pilot testing of activities to heluded in the draft action plan were an
important component of this study. Once the datenfthe surveys, questionnaires, interviews
and focus groups, and direct and participant olagenv had been gathered and analyzed, the UA
research team, in collaboration with the membetb®fAdvisory Board, developed a pilot

action plan. They then selected seven items toldeand test during the late spring and
summer of 2007. As noted above, the researchetisipated in the development of several of
these activities and utilized their findings to moye the plan.

Final Action Plan

The results of the pilot testing of the draft astplan were analyzed, and the findings were
presented at a joint meeting of the Ambos Nogaie€Aality Task Force and the Children’s
Environmental Health Task Forces. The plan, aloith the potential for each action to replace
wood burning in Nogales and information about imndliials or groups who can play a role in
implementing each action, is presented in Chagter S
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Chapter Three: Nogales, Sonora: History, Developménand Infrastructure

This chapter focuses specifically on Nogales, Samoorder to provide a backdrop for the
research findings, as well as to explain some @fdriables affecting the design and outcomes
of the study and the development of the action.glarderstanding the historic and current
context in which the study of small scale burniogkt place is also necessary for effectively
evaluating proposed action plan elements. Pertissoes include demographics and population,
processes of urbanization, background on wasteuptimoh, collection and disposal, and local
political dynamics.

History and Population Demographics

Nogales is located in the state of Sonora in ththmestern part of Mexico. Its history dates to
1880 when the administration of President Porfl@faz opened a customs office at the site of
the present city (Salas 2001). Then, in Novemb@&g218he railroad connecting Guaymas to the
U.S.-Mexico border was completed. The railroadreasained a major factor in Nogales’
development. It passes through the center of tigeannidst the hilly landscape that is now
covered with informal housing and small businesses.

Nogales, Sonora was officially founded on July 834 (Nogales, Sonora nd). Commerce has
been important to Nogales since its beginning,thectity retains its industrial identity today
(see Mendoza 1999). Industrialization has been ddtlessing and a curse for the city. The
city’s prosperity has been accompanied by rapidifatipn growth that has, by and large,
proceeded with limited planning. The municipio ajdéles is comprised of more than 160
coloniad. Some of the colonias were present when Nogalssoumded, but many have been
established in recent years.

Downtown Nogales is located close to the intermatidoorder, and the colonias generally
decrease in age with increasing distance from dlventbwn area (Figure 3.1). Because the
downtown area was the first to be founded, it nee®services such as sewage and water. The
city has expanded southward, to the west, andetedlst though steep topography on the eastern
edge of town has limited expansion there. In addjtthere has been a continual expansion up
the hillsides, and elevation correlates to agelackl of services due to the logistical difficulties
related to providing infrastructure on steep slopes at higher elevations.

The expansion of the urban area has been accondganee very significant increase in
population. According to official statistics colted by the Instituto Nacional de Estadisticas,
Geografia Informatica (INEGI), the city grew by pércent from 1990 to 2000 when the official
population of the city was 159, 103. The most résgatistics from 2005 estimate a population
of 193,517 (out of a total Sonoran population 892,861), indicating that the population
growth shows no signs of abating.

2 Neighborhoods delineated
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Figure 3.1. Map of Nogales, Sonora

Though there is no argument that Nogales has grapidly, the absolute numbers given in the
official statistics are generally rejected; schelestimate the population to be around 300,000 to
350,000 (e.g., Austin et al. 2004; Davidson 2000 undercount can be attributed to the
presence of a transient population that crossdsdoaat forth across the international border,
large numbers of residents from other parts of exvho come to Nogales for work, a
population attempting to gain entry to the U.St thay set up semi-permanent residence in
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Nogales, and return migrants who are deported tgahMs by U.S. Customs and Border
Protection. Moreover, the lack of accurate, updtedand detailed maps makes meticulous data
collection difficult for census takers. This corteosy over population is often a point of
contention for local officials who assert that doeinderestimates of the city’s population they
are unable to address the problems exacerbatdwelhygh rates of growth.. Because Federal
funding is allocated based on population estimafedercounting the population means that
Nogales, Sonora receives a smaller budget thgoogslation warrants. Furthermore, studies on
marginality suggest that the border region is roeiving the benefits that would typically
accompany economic growth, suggesting that thesgmsficant resource flight to centralized
government agencies (Guillen 2000, Pick and BU$f0, Pefia 2005).

As the first city to start enaquiladoraindustry in the state of Sonora, Nogales has betrea
forefront of the state’s industrialization. INEGDEreccion General de Estadistica conducts a
monthly survey of the Industria Maquiladora de Exacidon. As of December 2006, there were
95 magquiladoras operating in the city, employings38 people (INEGI 2006c¢). Sixty-five of
these factories are located within the city’s semelustrial parks. Six of the top 50 businesses in
the State of Sonora operate within the city. TheVeage employees that work on the assembly
line make up the bulk of the workers in the cityrikers are often hired on a temporary basis to
fulfill seasonal production quotas. The numberaatdries (Figure 3.2) and the number of
employees (Figure 3.3) fluctuate. From 1990 to 2@l0ére were between 57 and 96
maquiladoras in Nogales with a range of 17,5661t637 employees (INEGI 2006b and 2006c).
In addition to its impact on the city’s populatiand economy, the maquiladora industry has
numerous effects on Nogales. Of particular relegdocthis study is the use and disposal of
large quantities of wooden pallets which are useshipping; the pallets create a major source of
fuel to be burned and are also widely used in mgusonstruction. Firewood from trees is much
more expensive and therefore has largely beenaegllay this cheap waste material. The
abundance of scrap wood is an important factootsicler and contributed to the selection of
action items (see Chapters Five and Six).

Of other economic activities important to Nogakbg, produce industry also warrants mention
because of its impact on air quality and the ecao@ativities on both sides of the border.
Nogales is the largest entry point for winter proglbeing transported from Mexico to the
United States The produce industry also generaseméicant amount of packing material that
is disposed within the border communities.

The existence of the industrial sector, as wethasggeneral availability of work in Nogales,
spurs much of the population growth and standsrocntrast to the situation in many other
parts of Mexico where employment is scarcer. Degpitsitive economic indicators the uneven
process of urbanization in Nogales has meant thatymesidents’ access to infrastructure is
comparable to that in more impoverished regionglexico (Pefa 2005).
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Industria maquiladora de exportacion - Indicadores mensuales - Por principales municipios - Nogales, Son.
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Figure 3.2. Number of maquiladoras operating in &leg, Sonora, 1990-2006. Source: INEGI
(2006b). http://dgcnesyp.inegi.gob.mx/cgi-win/bdisi.exe
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Urbanization in Nogales

The economic draw of Nogales has created a diffsstuation whereupon the continued
economic growth of the city is limited by its abjlto house the workers necessary to operate its
factories. Nogales’ attraction is heightened bynaneasing trend of rural-to-urban migration
facilitated by the 1992 amendment to Article 27h@f Mexican constitution allowing for private
sale ofejidal or communally held land (Azuela and Ward 1994) il&van adequate supply of
labor exists in Nogales, an adequate provisioroasing in the formal sector does not. Growth
in formal housing occurs largely through the goweent-funded INFONAVIT program. This
program provides subsidized loans to workers irfah@al sector who pay into the program
through their social security (see www.infonavibguox). The housing loans are generally used
to purchase housing withfraccionamientogurban subdivisions) or any established
neighborhood. The housing units available to warkethin the fraccionamientos are often
small, two story dwellings, which share at least @rall with a neighboring house and have very
small yards and little parking. For example, indéianamiento las Bellotas, which was under
construction in Nogales in 2006, two-story housel02 square meters was selling for $170,000
pesos (roughly $17,000 USD depending on marke}. ratmugh this is a fairly standard

dwelling of its type, there is considerable vadatin the quality and price of these homes.
According to a local professor and long time cactwafor the municipal government, generally
prices range from $14-20,000.

Despite the recent increase in government-sponsuresing development in Nogales, homes
are not being built quickly enough to meet demamdiae not available to workers who lack
formal employment and do not pay social securitioporoung workers who have not contributed
enough to obtain a favorable loan. When combined high land prices, due in part to
competition from developers who are building thgdaindustrial parks, the result is a large
informal housing sector (Pefia 2002, 2005).

Nogales’ informal housing sector is characterizgddpatter settlements with varying levels of
organization that occupy vacant land with or withthe permission of political figures or the
land owners (Ward 1999). There are several wayghioh this process occurs. Sometimes,
people encroach gradually on vacant land, one By expanding the roads as they go. However,
most commonly, land invasions occur under the @espof a leader who has a certain level of
political connections often through a union or otbeganization. The leader will organize

groups of people and try to gain backing for theagion from politicians or local organizations;
this backing is then used to negotiate a pricétferland from the land owner or, in some cases, a
land swap between the government and the landofwiard 1999). There is much criticism of
this process as many leaders have been accusedbtion, as well as exploiting poor and
destitute people. Exploitation and motivation asitles clear that this system lends itself to
inefficiency and is therefore open to exploitatioom any number of parties.

One factor that complicates planning for serviaes accounting for growth is the lack of
certainty in a land invasion. Investments in plagnprior to and in the early stages of an
invasion are risky and subject to legal prosecutitesidents may be forced to move in the
coming days, weeks, months, or years, so they kloldly and cautiously. The roads that
emerge during the development of the neighborhoeafen difficult for large garbage trucks
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to traverse. At the same time, legal battles cahfta years, and the government is not permitted
to begin projects within the area until all legedues are resolved. In the meantime, the residents
of these informal housing settlements live wittidito no services, depending on proximity to
existing neighborhoods. When neighborhoods arebyeaeighbors can share electricity via
extension cords. Garbage service can also beablatio those who are close to main roads and
are willing to carry garbage to the nearest piclpamt. However, because expansions of urban
territory typically occur near neighborhoods theg anly a few years ahead in the regularization
process, these neighborhoods often do not havestemisaccess to public services and
infrastructure either.

Typically the first service to arrive is electricitPefia 2005). According to INEGI data from
2000, 94.2 percent of the population of Nogales\d® has access to electricity with 89.1
percent of the population with incomes in the lowpsartile receiving electricity formally as
compared to 81.1 percent and 65 percent, respBctivith access to sewage and piped water
(INEGI 2000 in Peiia 2005). The low rate of acd¢essater in Nogales is largely due to
topography. Only 52.3 percent of the populatiothimlowest income quartile has access
compared to 78.1 percent of those in the highesinme quartile, due primarily to the fact that
the most marginalized colonias are located awaw fifee city center and high up on the hillsides
(INEGI 2000 in Peiia 2005). In the mean time, regglpurchase water from trucks calf@das
and store it in buckets, drums, or water tanksb@ge collection services are also related to the
age and level of development of the colonia. In &leg Sonora, garbage collection has
traditionally been free, but long-established areasive collection three days a week whereas
marginalized areas receive less frequent servicend following section, a discussion of garbage
collection in Nogales, Sonora provides the contextinderstanding the nature and extent of
garbage burning within the city.

Waste Collection and Management

Municipal elections are held in Mexico every thyears. The 2006 elections occurred as this
study began and resulted in a complete changadetship within the Nogales municipal
government, with the new administration taking agfin September. The 2006 election marked
the departure of the former ruling Revolutionarstitutional Party (Partido Nacional
RevolucionarigpPRI), which had maintained a stronghold of suppoMogales despite its loss
of national power. The National Action Party (Pdotde Accidn Nacional; PAN), which at the
same time won the national election for the sedend in a row, replaced the PRI in Nogales.
As a result of the change, city services and prograere undergoing changes throughout the
study. Information in this section describes theation as it existed as of the end of 2006 and
beginning of 2007. Recent efforts by the currenal@dministration to effect change in services
are described and discussed in Chapters Five and Si

In Nogales Sonora, in early 2007, the budget ftlecton of municipal solid waste (MSW) was
$90,000,000 pesos (aprx. $9,000,000 USD) and, dicapto officials, had remained fairly
constant for years. Inaccurate census data hagedfow much money is allocated for MSW
service. Because official population estimated@ne the Department of Public Services has
received insufficient funding to supply serviceatbof Nogales.

29



In 2005, there were 5 sanitary landfills in thaestaf Sonora (INEGI 2006d). Until 1995, MSW
was deposited at the Nogales municipal landfilated on the eastern side of the city. Between
1990 and 1995, complaints about the landfill, aadigularly fires there, drew official attention
to the site. In the years leading up to and imntetlidollowing the passage of the North
American Free Trade Agreement (NAFTA) in 1994, bdtB. and Mexican citizens and leaders
were expressing concern about environmental issiutbe border, Negative impacts such as
smoke and odor related to burning at the landf@fewnoticed and reported to officials on both
sides of the border. Between April 1994 and Audie€5, for example, the Arizona Department
of Environmental Quality (ADEQ) responded to 13idents at the site (personal
communication, ADEQ border air quality staff, 1®@7}. Rising complaints from Arizona
residents and leaders put pressure on Sonoramtdfto take action to improve conditions at the
site. Consequently, the landfill was closed in lbeby 1995 and converted to a transfer station.
A new landfill was opened south of Nogales witheapected life of about 20 years. Neither the
landfill nor transfer station are lined to preve@ching of materials offsite nor outfitted with
methane venting tubes.

The transfer station was originally intended tosreeas such for five years, but its life has been
extended several times; current estimates arettwat remain in operation until 2015. By 2003
and 2004, ADEQ officials noticed that the origifaidfill site was not being operated solely as a
transfer station and specifically that some wasde leing landfilled there, raising the potential
for burning to occur there. During this study, wesbers were told and observed that the transfer
station continues to serve as a landfill on ocaeesishen the waste has been compacted but no
tractor trailers are present to collect it and titke the new landfill. When this occurs, the MSW
is buried at the site.

On average 200 to 250 tons of garbage pass thitheginansfer station per day. Figure 3.4
shows monthly totals for 2006, in tohsA total of 72,239.81 tons of garbage were codddiy
public services 2006.

Twenty-four people are employed at the transfdrstaweighing, organizing, and approving

the waste that comes from the municipal trucks el as from private citizens. The garbage is
then compacted and shipped to the municipal ldrsdfilth of the city where another four people
are employed. During this studyepenedore§ickers) were working at the transfer station to
remove any materials that could be sold. A fenceamtrolled access prevented any pickers
from working at the landfill. Though there are fevpeckers than in cities such as Tijuana or
Ciudad Juarez, their presence must be accounted &my efforts to change the management of
MSW. In addition, though the practice was not obsérdirectly by the researchers, interviewees
reported that the pickers sometimes burn the plastiof coated wire to get to the valuable
copper inside.

% The variations in amount of garbage most likelyndoreflect true fluctuations in the amount of tegsroduced in
the city but rather a difference in recording amitig of collection.
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Figure 3.4. Monthly totals at the Transfer Station
Source: Nogales, Sonora Department of Public Sesvic

The other major component of the Nogales MSW mamagé system is collection and
transport. In February 2007, approximately 250 peomrked driving the trucks and collecting
garbage. Twenty-eight routes covered the city auth ¢ruck made two to three trips per day.
While each colonia is supposed to have MSW pickhupe days per week, most did not,
especially those on the outskirts of the city @&t not fully regularized. Many colonias on the
west side of the city are far from the transfetisteand, because of the infrequency of pickup,
generate significant amounts of garbage betwedwpg As a result, collection along these
routes take much longer and often requires mone ¢ha trip to the transfer station to complete.
Workers are paid by the routes that they compieiethe hours they work, which increases the
incentive to work more efficiently but also the wability of working in the more established
colonias.

No waste separation was occurring at the housdeedd, and controls on what could be picked
up and taken to the transfer station and landiiewveak. A sign at the city’s transfer station
stated that the deposit of tires, sawdust, diffetgres of cardboard (yeso and arenado), oils,
wood, branches (ramas), couches, mattresses aadjwtik (chatarra) is prohibited, but often
such items are mixed in with other waste. In gdngeabage collectors would not pick up large
items such as branches and furniture, but resicemetimes paid them extra to take items they
would not otherwise collect. For example, reseascbbserved a collector ask the driver if he
should take the large palm fronds and a patio ultabs#ting by the side of the road. The driver
said no, so the large items were left. As the tnvek pulling away from the house, a woman
walked out and offered the collectors 100 pesos.driver nodded and the workers heaved the
branches and the umbrella up into the truck.

Though not part of an official program, in additimnthe separation done at the transfer station
by the pickers, informal recycling was occurringteg point of collection, performed by garbage
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collectors who would separate valuable items sgametal cans and electronics from the waste.
However, the ability of garbage collectors to sapawaluable items from the garbage was
dependent upon which type of truck was being usedms of workers are fixed and are
assigned to trucks and to routes; the routes =ed fbut the types of trucks to which the teams
are assigned can vary.

As of early 2007, three basic classifications ahgurucks were being used by the Department
of Public Services to collect residential MSW. Thest common trucks are open (Appendix E,
Figure E.1, picture of open truck) and require ¢hrerkers in the back, two outside to collect
trash and one inside to lift containers and emipéyrt before throwing the containers back.
Depending on their size, the containers are elifted or emptied into smaller containers that
are easier to manage. The worker inside the tsieksp in charge of much of the separation of
valuables. The collectors use several trash caaddd at the head of the truck to store valuable
items such as aluminum cans, toys, electronicsthar usable goods. The collectors also use
spaces around the truck from which they hang Haagscain be filled with cans. Compactor
trucks (Appendix E, Figure E.2), on the other handke separation more difficult. The third
type of truck, a converted pickup truck with a Benclosed bed, was used to access areas
difficult for larger vehicles due to the conditiooroads or the topography of the area.

Although the garbage collectors can potentiallydfigefirom separating and saving valuable
items, the garbage collectors interviewed for gngect said that the added difficulty of
collecting trash in an open truck makes workingrmnopen truck less attractive than in the
others. Much of the trash is stored in large 5%ogadrums which are very heavy when full.
Lifting each drum above one’s head to hand it e&wlorker on top of the truck is tiring wotkn
contrast, on a compactor truck the collector Idaash into the rear at waist height and the truck
compresses garbage inside. Compactor trucks alspalenost twice the load as open trucks,
making it easier for the collectors to completetfadiir routes. At the time of this study, the
municipal government had no automated trucks totgmapge dumpsters.

A few private companies offer MSW collection seevior businesses in Nogales. The largest of
these companies is called Promotora Ambiental, kniovNogales as GEN. Promotora
Ambiental works in over 30 cities in Mexico, andabout 20 of these cities, the municipal
governments have contracted with the company teigeacollection service to their residents.
Recurring discussions regarding privatization abgge service for Nogales have occurred, with
the latest discussion happening as recently asgpfi2007. The city government has
continually rejected proposals to privatize its M8@lection. GEN has also proposed to
privatize the municipal landfill, claiming that timeunicipal government lacks the economic
resources to properly control the site. One hundreety-six businesses in Nogales contract
with GEN, and many of those businesses have mellqgations. GEN currently has 290
containers in Nogales (small, green dumpsters @EN written on the side in white). The
company has two garbage trucks that are ablettthéfdumpsters up and empty them into the
truck. In all, GEN collects about 700-800 tons @fste per month in Nogales. The items they
collect that are recyclable go to the Transformadale México (see “Recycling” in Chapter

* The team of UA researchers accompanied garbatgetmk on their work and participated in collentio better
understand the obstacles to improving services.yMiaanks for their hard work and openness to owataor
participation.
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Five). In June 2007, researchers noted smalldn trass at some of the businesses serviced by
GEN, and these had separate sections for orgadimarganic waste.

Politics and Waste Collection

Like other cities in Mexico, Nogales’ system fotleoting and processing MSW is insufficient
(see Chapter One). All officials and workers intewed for this study agree that the city lacks
the trucks necessary for effectively operatingesub serve all the city’s neighborhoods.
Because of this, political allegiances and patrerggtems have played a role in decisions about
to whom and where resources have been allocatatioWienough resources to go around, those
in power assume the responsibility of allocating tsources that are available.

Due to changes in personnel in the Public Sendegsartment, garbage service can vary
significantly with changes in the municipal goversmh As noted earlier, Nogales underwent a
significant change in administration, from PRI t&NP, which affected MSW management and
therefore this study. It is difficult to evaluatarbage trends over a long period of time. During
the first four months of 2007, municipal garbagbemtion averaged 4,610 metric tons per
month, considerably lower than during the same pergod (January —April) in 2006 when
collection averaged 6,149 metric tons per montltofding to city officials, a widespread
reduction in garbage collection occurred throughbatcity during this period because of the
poor condition of the trucks. How, why, and wheodection was reduced would require further
study. It is not possible to estimate the impdwtsahange had on the levels of burning occurring
at the time this study was conducted.

During this study, Nogales voters passed a referano allow the city to assess a monthly fee
of 15 pesos per household, to be added to théyiills, for garbage collection. Until that time,
collection had been free. The extra revenue wasastqd so the municipal government could
purchase additional trucks (see Chapter Five). @hdpve will also address other recent
projects to increase cleanliness and improve thditon of many colonias and will discuss the
expansion of MSW management services and otheegisojinderway to improve waste
collection.

Wood Burning for Cooking and Heating

Relatively little is known about the extent and ampof small-scale wood burning in Nogales,
though the practice is known to be common in soaighiborhoods and to increase during the
winter at the same time that temperature inversi@psair pollutants close to the ground. A
1999 study by researchers at Arizona State Uniyersdicated that 23 percent of Nogales,
Sonora households burned wood (Sadalla, Swansdn/elasco 1999). However, because that
study was designed simply to document that poltutias being produced byaquiladora
workers attracted to border communities, investigatlid not examine frequency, extent, and
seasonality of burning, as well as other factoas tdould help to reduce the incidence and
consequences of small-scale burning.

A 2006 study of alternative stoves revealed thatynidogales, Sonora households maintain a
variety of cooking devices (Austin et al. 2006).Mydow-income families who have access to
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gas or electric stoves and water heaters contmusd a variety of wood-based cooking and
heating devices, including open fires, home-madgd®n drums with no exhaust mechanisms,
and commercial wood stoves vented outside the h@eseAppendix F for photos). Families
select among these various stoves based on thetabis being cooked, seasonal weather
conditions, and fuel price or availability, amort@er factors. For example, although many
homes have access to gas stoves, recent increasasiial gas prices prompted residents to use
wood more often as a cooking and heating fuel. I&nhyj residents with easy access to the
transfer station or informal dumps frequently bpaper, plastic, packing foam, clothing, leather,
varnished and painted wood, and other waste preduct

Fuel use varies significantly through seasons dls @ families who have adequate resources
to consistently purchase gas, use rises over theemwmnonths due to the need to heat water for
bathing. Many families who rely on wood as a fuléé decrease the use of gas over the winter
because of the double function of wood as a fuehéating as well as cooking. Still others rely
more heavily on wood for cooking during summer rheritecause it can easily be transported
out of the house, thereby not heating the intersidhe home when cooking. The 2006 study also
found that many poor families do not have devicedusively for home heating. Instead, these
families were more likely to use their wood-burnstgves for this purpose during the cold
season and to leave the stoves burning for extepelealds of time.

Home Construction, Insulation, and Thermal Efficiercy

The type and quality of home construction may alsatribute to small-scale burning. Indoor
heating makes homes more comfortable during théewseason in Ambos Nogales, where
elevations can reach 4,000 feet and average lowdratures dip below 40F six months of the
year. Families living in uninsulated houses madenfa patchwork of found and purchased
materials will experience colder conditions thaosth constructed of thermally-efficient
materials. The latter will require less heatingid ¢herefore less burning — during the winter, the
time when temperature inversions contribute to hegels of air pollution across the city.
Improving home construction materials could haveatided benefit of reducing the frequency
of house fires, a common problem in Nogales, Sor@tiaer considerations for home
construction include security, privacy, affordatyiliand availability of construction materials
and skilled labor.

Summary

Small-scale burning, of garbage, wood, or otherenmts, must be understood in the context
within which it is occurring. In Nogales, Sonoracfors which contribute to burning include
inadequate management of MSW and the use of woddtwer combustibles as fuel for
cooking and heating. The extent to which theseofadffect residents’ behaviors, as well as
other factors that contribute to burning, are exediin Chapter Four.
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Chapter Four: Incidence and Distribution of Small Sale Burning in Nogales,
Sonora

Garbage Burning

One goal of the study was to investigate the nanteextent of garbage burning occurring in
Nogales. Researchers used surveys, interviewdpand groups with Nogales residents and
leaders to learn more about where, when, and whyaga burning was occurring, As shown in
the following sections, there is considerable @t&#on among location of a neighborhood
(especially distance from the center of the ciage of the neighborhood, garbage collection, and
burning.

Rates and Distribution of Household Garbage Burning

Data from the survey of 136 Nogales householdsatdhat household-level garbage burning is
occurring in Nogales, Sonora. Though the surveyneagonducted to generate estimates of the
total number of households that are burning (sesgp€&n Two), the data help explain the garbage
and wood burning that is occurring within the cityNogales, 33% of the 136 households
surveyed reported burning their garbage, and 29fbasfe households reported burning at least
once a month. When people were asked whetherribgjhbors burned garbage, the numbers
were even higher; 56% of 136 people surveyed reddhat people on their street burn garbage
at least once a month.

Because a central goal of this study is to undedstéhere and why burning is occurring, in

order to design and implement an action plan tacedurning, data were collected about
household-level variables such as income as weltasss to and frequency of garbage services
(see Appendix A for the survey). In addition to keliold-level data on income, researchers used
INEGI’s (Instituto Nacional de Estadistica, Geogaaf Informatica) poverty index, which is
constructed at the neighborhood level from a weidlatverage of illiteracy, primary occupation,
water scarcity, plumbing scarcity, electricity say, earth floor, and crowding (Pick and Rebeil
2003). Household-level garbage burning was examimeelation to the poverty index of the
AGEB, a basic areal unit created by INEGI that e size from 25 to 50 blocks and includes
around 2,500 inhabitants. As shown in Table 4.1Fgdre 4.1, households from high-poverty
AGEB units reported burning garbage more often th@seholds from mid- and low-poverty
units. Burning garbage among households in low-gg\WGEB units was reported by only 2 of
the 47 households surveyed. While these respondesie trends among AGEB units (see
Figure 4.2), it is important to note that thersignificant variation at the household level within
each unit.

The data on burning level (low, medium, high) waswerted to a numerical value for the
purpose of aggregating these data within coloroasitual representation. Subsequent
checking by calculating the median and modal vidueach colonia produces similar visual
results.
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Table 4.1. Households Reporting Garbage BurningpAting to AGEB Unit and Poverty Index,
that Reported Burning in Response to the Surveystiare “Do you sometimes have to burn
garbage?”

Poverty = AGEB Households Reporting
Index Unit Garbage Burning

# Sample %

High H1 10 12 83

H2 9 12 75

H3 5 12 41

H4 5 10 50

Total 29 46 63

Mid M1 0 11 0

M2 3 12 25

M3 8 10 80

M4 3 10 30

Total 14 43 33

Low L1 1 12 8

L2 0 13 0

L3 1 12 8

L4 0 10 0

Total 2 47 4

% households
burning garbage

High Mid Low

Poverty Index

Figure 4.1. Percent of households that reportedibgrgarbage in each poverty index

36



—Nogales,-Sonora “”iﬁisx?;?es
Household Burning Levels

By

{}O
&
5/

[ AcEB sample Units
AGEB Unit

Ave HH Level
l:l Low
T

l:l Medium
[

B o

©
#»
A

M T T 171771771
0 04 08 1.6 Km

Figure 4.2. Map showing garbage burning accordanf§GEB units

As shown in Table 4.2 and Figure 4.3, frequenclyafsehold garbage burning is also related to
poverty index within the AGEB units. None of theidents surveyed in low-poverty
neighborhoods reported burning more than once patmIn comparison, 39% of the
respondents from mid-poverty neighborhoods repdsteding once per month or more and 61%
of residents surveyed in high-poverty neighborhaeg®rted burning once per month or more.
Most (85%) of the people who reported burning gmeeweek or more live in high-poverty



neighborhoods. No one in the low-poverty neighbodsy and only two people in the mid-
poverty neighborhoods, reported weekly burning.

Table 4.2. Frequency of Garbage Burning, AccordingGEB Unit and Poverty Index, that

Reported Burning in Response to the Survey Questitmw often do you burn garbage?”

Poverty  AGEB Frequency of Household Garbage Burning

Index Unit
High Mid Low Never
(Weekly  (Atleast (Less than
or more monthly ~ monthly)
often) less than
weekly)
High H1l 6 4 0 2
H2 4 5 0 3
H3 0 4 1 7
H4 1 4 0 5
Total 11 17 1 17
Mid M1 0 0 0 11
M2 0 3 0 9
M3 2 6 0 2
M4 0 1 2 7
Total 2 10 2 29
Low L1 0 0 1 11
L2 0 0 0 13
L3 0 0 1 11
L4 0 0 0 10
Total 0 0 2 45
100%
90%
80% 37%
Frequency of Garbage Burning
70%
. 0 67% O Never
S 60% |
< O Low (less than monthly)
§ 50% 96%
2 B Mid (at least monthly, but
1) 40% - less than weekly)
8 O High (weekly or more
30% 5% often)
20%
10% 24%
0% 5% 4%
High Mid Low
Poverty Index

Figure 4.3. Reported frequency of garbage burmrgpch poverty index
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Reasons for Garbage Burning

While elevated incidence and frequency of burniogues in high-poverty areas, it is important
to examine more carefully the specific reasongh@ trend, and to explain variations within
poverty levels, AGEB units, and neighborhoods. Wiiiscussing reasons for garbage burning in
surveys, interviews, and focus groups, respondantt often brought up characteristics of
garbage collection services (including access maa® frequency of collection, type of

container used, distance from the house or bustodsg collection point), neighborhood
characteristics (quality of roads, newness of #hightborhood, topography), or individual
household characteristics (including householdnmectime of residence in Nogales and the
neighborhood, number of household members employed)

In interviews, surveys, and focus groups, peopieutihout the city linked burning of garbage
with problems in the collection of garbage. Thomgbre common in the mid-and high- poverty
areas, people in all areas of all three classi@ioattold of multiple-week lapses in service, @tin
these lapses as a reason for burning. Persistegtiarity and complete lack of service were
also identified as reasons for burning garbage.

Obstacles to Garbage Collection

Garbage collection in Nogales is limited to what tiollectors can easily put into the garbage
trucks. Oversized and heavy items, such as fumituattresses, rocks, and wood are generally
not collected, nor are brush and branches. In garweterviews, and focus groups, some
individuals noted that they burn these items, gitacck of collection.

Even when a neighborhood has garbage collectionesoads within it may lack service.
Individuals interviewed and surveyed often noteat there was collection in their neighborhood,
but not on their street. Thus, they would haveak@ttheir garbage to the nearest street with
service as the collection was occurring. In orddoring their trash to the collectors, the
individuals would have to be home and able to cariy where it could be collected. The
individuals interviewed often cited this distancglanconvenience as a reason that they burn
their garbage.

During interviews and in surveys, respondents nttedlifficulties of storing garbage, citing
problems with animals and insects. Dogs getting garbage and spreading it around was the
most commonly cited problem. Even in neighborhostdl regular collection, if the garbage is
put out on days the trucks do not come, problemigliteAs one retired man from a low-poverty
neighborhood with regular garbage collection sdhe day [the trucks] come, another day they
don’t come, and sometimes the dogs spread trasiveithe street.” [*un dia vienen [los
camiones], otro dia no vienen y a veces los peinars la basura a la calle."] In several areas,
people noted that they burned to prevent problémisarise when dogs get into the trash. Also,
in one neighborhood, individuals noted problem$witws going through the garbage. Flies and
insects were also a concern of people surveyed wongan noted that it was better to burn the
trash than to put up with the odor and flies.
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Garbage Service Regularity as an Explanation forliage Burning

What is Garbage Service Regularity?

Survey and interview data suggest that the redulafigarbage collection service is central to
understanding garbage burning. Researchers craated variable to represent garbage service
regularity by combining responses to the followsugvey questions (See Appendix A),

- Does the household have access to garbage coliesgtigice?

- Does the household use garbage collection service?

- How often are the garbage trucks supposed to ¢alechousehold’s garbage?

- How often do the garbage trucks actually colleethbusehold’s garbage?

- When was the last time that the household’s garbagecollected?

- Does the household experience periods of time witgarbage collection?

- Other comments from respondents.
Two researchers reviewed the responses to thestiangeand classified each household as
having regular garbage service, irregular garbagéce, or no service. They then compared
their classifications and resolved disagreementsioertain cases by jointly reviewing the
surveys.

Is Garbage Service Reqgularity Based on Neighborlrmabrty Level?

Neighborhood poverty level was found to relateddogge burning, so the data were analyzed to
examine if and how garbage service regularity angey status are related. Table 4.3 and
Figure 4.4 show the relationship between thesevaviables. Virtually all (96%) of people

living in low-poverty neighborhoods reported regudarbage collection, while only 60% of
people living in mid-poverty areas and 19.6% ofgdediving in high-poverty neighborhoods
reported regular garbage collection. All of thehbtiseholds surveyed who reported having no
garbage collection service were in high-povertyhborhoods. Half of those without access to
garbage collection services live in the same AGEB (H1); the other half come from H4 (4
households) and H2 (3 households).

It is also notable that, in one of the high-poventyghborhoods, every household reported
having at least some service. Clearly, provisionadlection service is not only a factor of the
poverty level of the AGEB unit. Public Works empé&g noted that their ability to provide
regular service depended on several factors, inguthe topography of the neighborhood, the
presence or absence of vehicles and other obsiadies streets, and the difference in time
required to travel on paved versus unpaved roads.

Table 4.3. Relationship between Poverty Index aath&ge Service Regularity
Poverty Index

High Mid Low Total

Garbage Regular 9 24 45 78
Service Irregular 23 16 2 41
Quality No Service 14 0 0 14
Total 46 40 47 133
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Figure 4.4. Regularity of garbage service collectioeach poverty class.

The Effects of Garbage Service Quality on HouseBalthing

Figure 4.5 illustrates the strong relationship lestwgarbage service regularity and household-
level garbage burning. When the data are combinezsa AGEB units, 76% of households that
report that they do not burn garbage have regadrage service, whereas only 23% of
households that report they do burn garbage haydaieservice. A chi-square contingency test
of garbage service quality and garbage burningicusfthat there is a statistically significant
relationship between garbage collection servicerangehold-level garbage burning (p<.001).
Households without access to regular garbage seavie significantly more likely to burn
garbage than those that have access to regulaaggadollection.
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Figure 4.5. Comparison of quality and dependabditgarbage collection service for people
who reported burning garbage and people who regpoide burning garbage.

It is important to note, however, that 23% of tle®ple who burn have regular service and 24%
of the people who do not burn have irregular osexvice. The activities of these people provide
insight into other factors that affect burning grus$sible action items to reduce garbage burning
in addition to improving collection service. Survegpondents who burned their garbage despite
having access to regular collection cited the pres®f flies, a lack of garbage bags, the amount
of garbage, laziness, and the desire to keep tliecj@an as reasons for burning garbage. Also,
people who have irregular or no service and daebrt burning reported other means of
disposing of their trash such as putting it in Eyhleor’s trash can or driving it somewhere to
dump.

The effects of garbage service regularity on fregyeof burning

Comparing the frequency of burning with the regtyasf collection service produces a similar
result. Households without regular garbage colbectend to burn much more frequently than
households with regular garbage collection. Higly@rency burners are burning at least once a
week. Mid frequency burners are burning less thare@ week but at least once a month, and
low burners burn less than once a month. As shawrable 4.4, 93% of high-frequency burners
have no garbage collection service or irregulaviser compared with 76% of mid-frequency
burners and only 40% of low-frequency burnerss hatable, however, that 18.4% (7 out of 38)
of the mid-frequency and high-frequency burnerseh@gular garbage collection service.

The respondents who reported burning once or taicenth even though they had regular
services gave different reasons for burning. Sévextad that service had improved recently and
that they had burned previously in response torftavregular service. Others noted that they
burned brush, an item that the municipal collectervice does not accept. Still others reported
that the collection point was located 20 to 40 meeteom their house, and that the distance was
sometimes problematic.
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Table 4.4. Relationship between Frequency of Bgraind Garbage Service Regularity
Garbage Collection Service

Regular Irregular No Service
. High 8 % 31% 62 %
> o (N=13) 1) 4 (8)
S £ Mid 24 % 60 % 16 %
3 (N=25) (6) (15) 4)
27 Low 60 % 40 % 0%

(N=5) 3) 2 (0)

Reported Reasons for Garbage Burning

The survey included questions that would elicieothossible explanations for household-level
garbage burning, including features of garbagesctiin (the need to be present for collection,
distance to the point of collection, types of gadaontainers the household uses, and amount of
garbage produced) and household characteristiosuf@nof time living in Nogales, amount of

time living in that colonia, household size). Besawf the strong influence of the regularity of
garbage service on garbage burning, howeverdiffisult to determine from the survey data

how strongly these factors may influence garbagaibg.

The survey asked residents for their explanatidrggidoage burning throughout the city. Table
4.5 shows responses to the questions “Why do yiak that people burn garbage?” and “Are
there other benefits to burning garbage?” as vgetither relevant comments from surveyed
households. Two researchers reviewed the resptm#asse questions and developed the
categories shown in the table. They then compdreid tlassifications and resolved
disagreements or uncertain cases by jointly reviguwhe surveys. Multiple answers to the
guestions were allowed, and therefore the perceataglow add up to more than one hundred.

The categories included a range of responses vanectdescribed below:

= Service ProblemsTrucks don’t come, come late, are inconsistentiom’t collect trash.
(No vienen los carros; tardan; El camién no es teartis; No recogen la basura.)

= Quantity There is a lot of trash and people burn to gebfiit and so it doesn’t increase.
(Hay mucha basura; deshacerse de la basura; notagua basura; la cantidad)

= Animals Mentions of dogs, flies and insects. (Evitarpesros; muchas moscas; insectos)

= Cleanlinesslt looks or smells bad and people burn to cleéapi (Se ve mal; feo; apesta;
olor; limpiar el lote)

= Contamination Trash contaminates and causes iliness. (La basw@de contaminar;
enfermedades)

= Cultural/Personal People burn because they are ignorant, dirty, lazbecause it is
their custom. (Ignorante; costumbre; gente suaeahinero; flojo)

»= Fuel People burn garbage to heat water or save gasnftar agua o salve el gas)
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Table 4.5. Reported Reasons for Burning Garbage

Service Quantity Animals Clean Contamination Cultural/ Fuel
Problems Personal
Persons 74% 26% 14% 9% 3% 10% 1%
in All
(N=136) 100 36 19 12 4 13 2
Person 89% 29% 24% 18% 0% 4% 2%
who
Burn
(N=45) 40 13 11 8 0 2 1
Personas 66% 25% 9% 4% 4% 12% 1%
who do
not Burn
(N=91) 60 23 8 4 4 11 1

In both households that burn and do not burn gabaglection is noted as the most important
factor influencing the burning of garbage. Howewedjviduals who burn their garbage more
often cited garbage collection as a factor contnilgto garbage burning than did those
individuals who do not burn. Individuals who buheir garbage also emphasized the need to
keep the area clean, healthy, and free of insect®aimal disturbances. Individuals who do not
burn their garbage emphasized burning as a probfemlture or lack of knowledge among
people who do burn, though some recognized thatrthetices of those without service were not
much different from those with service. One marhwgbod services noted, “Here there is no
problem with collection . . . We lack the culturebagging it well, because of this the air and the
dogs take it . . . but the city is satisfying thsponsibilities. [Aqui no hay un problema con
recoleccion... Nos falta una cultura de embolsaagpor eso el aire y los perros la remueve...
pero el municipio esta cumpliendo bien con susaesabilidades.”

The qualitative data help to explain how otherdaegteyond garbage collection service are
connected with both the regularity of garbage otilbe service and the decision to burn
garbage. Several of the other commonly-cited reagmmburning become particularly important
when garbage collection services are irregularoorexistent. Regular garbage collection
services remove waste from people’s living areataeteby reduce waste-related nuisances.
When garbage collection services are irregular,dvan residents are forced to store garbage at
their houses for longer periods of time, changhegriature of waste disposal and increasing the
associated nuisances. The amount and type of gallsmgpmes a more significant factor when
families are forced to store their own garbageyaste containing food or other strong scents
attracts dogs and insects. The lack of an effestioeage container was also cited as a reason for
burning.

Irregular garbage service also increases garbdgdeconflict within the community. When
garbage trucks come regularly, it is less probl@rfat people without service to use the
garbage containers of people with service. Howenvnben garbage service is irregular, it
becomes more important to regulate the amountypeldf garbage that is deposited in
household garbage containers. As a result, resdemeighborhoods with irregular service are
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more likely to complain about others using theintaaners and even to reject offers from either
government or NGOs of containers that might becarmkace where others deposit their garbage
(see Chapter Five).

Types of Garbage Burned

The 45 people who reported burning garbage weredaskat types of garbage they burned. The
majority of these people reported burning papefanzhrdboard (87%), branches and/or leaves
(76%), and plastic (69%). Fewer people reportedibgrglass (27%). Another 27% of the
responses were classified as “other” and includeddypallets, diapers, cans, and clothes.
Responses from interviews and focus groups sudjgasitems such as glass and metal are more
valuable and therefore more likely to be reuseckoycled rather than burned.

Food was also rarely reported as a type of gartiedevas burned (20%). Many people reported
feeding food waste to dogs. There was no distinatiche survey between food scraps (such as
banana peels) and leftover food. However, intergiand focus groups suggested that most
people do not give vegetable and fruit scraps gsdo

Management of Garbage in Households without Regikbage Collection

Of the 55 respondents with irregular or no servdze(61.8%) offered an alternative strategy for
disposing of garbage. Of those who reported altermavaste disposal practices, 16 (47%)
claimed to take the trash themselves to the offduanp or transfer station. While this
represented by far the most common answer, the srigawhich respondents obtained
transportation differed. Some people indicated they worked together with neighbors to
obtain a car to use. The second most common respoited by 7 people (21%), was that
uncollected garbage was either taken to a clamgedtimp or littered. A number of people
responded that they sold, gave, or paid an indegrgrabllector to take the garbage from them.
Seven people also referred to independent colledbot only 3 respondents (9%) claimed to pay
someone to take it, 3 (9%) said that someone tdle®sgarbage but did not mention whether or
not they paid for the service. One individual cladrto sell excess garbage, but only that which
was perceived as valuable, such as aluminum. AsdrintChapter Three, alternative collection
and informal recycling occurs in Nogales in areagm® municipal services are incomplete.

Management of Types of Garbage Not Collected bttye

Survey participants were asked an open-ended queatiout what types of waste the municipal
garbage service does not collect. Their answelrttel six general categories: furniture, metal,
dirt, tires, brush, and other; because they coepadnt more than one type of waste, the total
number of responses is greater than 136. As shovable 4.6, 80 individuals reported that
furniture—including mattresses, large appliancespdy and other pieces of furniture—would
not be collected. Metal items such as rebar arapstietal were reported as not collected by 19
people. Dirt, rocks, and cement were listed by é8gbe as not being collected. Twelve people
noted that tires are not collected and eleven iddals cited brush—including leaves, branches,
and grass—among the items the municipal garbagesexrould not collect. Twelve people
listed other items that would not be collected, aghthem cardboard (4 people), batteries, dead
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animals, and cars. Municipal garbage collectorgathat they do not collect large or heavy
items, specifying that do not collect “wood, dahd rocks.” It was observed that the garbage
collectors do collect cardboard, in some casesituseeinforce the doors of the garbage trucks.
Also, small businesses surveyed in four differetbiias reported that cardboard is collected
along with their other garbage.

Researchers also observed that garbage colleat@seértain larger items, including brush and
branches, and household items under some circuogsta®n two occasions, interviewers
observed residents offering a small donation tdridsh collectors to encourage them to take
these normally unaccepted items.

Table 4.6. Types of Waste Respondents Report aSaltdcted by the Municipal Service

Waste Items Not # Households Reporting
Collected Item Not Collected*

Furniture 80

Metal 19

Dirt, rocks, and cement 13

Tires 12

Brush, grass, and leaves 11

Other items 12

*N>136 because each respondent could report maredhe item.

In the survey, researchers asked how householpes#iof garbage that is not collected by the
city; only 100 people responded to the questionst\vd the people who reported not having
service (70%) did not respond to this questionsitxbg because they had already informed the
researchers what they did with all their houselsolétl waste. Of those who did not respond to
this question, a larger percentage (38%) reportedihg garbage than did not (14%), so burning
is probably underrepresented as a strategy fomgdpaith uncollected items. As shown in Table
4.7, only 5 people who answered the question reddytirning garbage that the city will not
collect. The vast majority (87%) of those who resged to the question reported taking the
materials to another location. Forty-three of thgsecifically mentioned taking their waste to the
municipal landfill or the transfer station, 6 s#at they took their waste to the hills or other
locations, and 34 did not specify a site. Eighthaef people who reported taking their trash
somewhere mentioned that they pay, individuallg®a neighborhood, to get a car to take it
away. Three people said that they pay the cityhtcadlectors to take certain items. Finally, 13
respondents noted that they rely on other colleatoispecial garbage collection campaigns.
Within this final category, one person explaineattispecial trucks come once a month to
collect these things and take them to the city dufiyma vez al mes vienen camiones especiales
para estas cosas y se las llevan al municipio fbegli] A colonia leader and another

respondent both said that they call or visit thenitipio when these types of garbage accumulate
and the government sends a truck quickly and absbto the residents.

46



Table 4.7. Household Management of Types of MSWdhanot Collected by the Municipal
Service

Management Strategy  # Households Municipal landfill or 42
Burn 5 transfer station

Take garbage to another 82 Hills and other areas 6
location Unspecified location 34
Special truck or 13

campaign

Rates and Distribution of Garbage Burning in Reshais

Forty of the 46 restaurants surveyed respondeaetgiiestion about the type of garbage service
they utilize. Of these, 37 reported using the puislunicipal service, 1 reported using GEN (a
private company) and 2 reported using other prigateices. Forty-one restaurants provided
information about the frequency of collection; @ported daily garbage service and 8 said they
received at least weekly service. None of the ueatds reported ever burning their garbage. Ten
of the restaurants separate their waste; five agpéood, five separate cardboard, and five
separate glass, though only one reported sepaatitigee. In addition, 3 restaurants reported
separating aluminum and 1 plastic.

The restaurants surveyed were concentrated neaotder and in the central city. In addition,
through participant observation and informal intevis, researchers gathered information from
food stands and small grocery storalsafroteg located in the colonias in which the household
surveys were conducted. The proprietors generafignted that their solid waste was collected
regularly. Some did report burning garbage, esfig@ardboard, when it accumulated at their
places of business. The observed relationship leet\warbage collection and service appears to
hold for such establishments as well.

Wood Burning

A second goal of this study was to identify thetdas related to wood burning in households and
small businesses in Nogales. As described in @ndpto, researchers used surveys, interviews,
focus groups, and participant observation to ingast the nature and extent of household and
small business level burning in Nogales.

Rates of Wood Burning for Household Heating andkidap

As shown in Figure 4.6, wood burning is commonathbmid-poverty and high-poverty areas.
Forty percent of households in mid-poverty areas46%6 of households in high-poverty areas
burn wood for cooking, heating, or both (see alguife 4.7). The use of wood for cooking is
most concentrated in the highest poverty areasi(€ig.8), while the use of wood for household
heating occurs with similar frequency in mid- anghh poverty neighborhoods (Figure 4.9).

Follow-up interviews with community residents, gt@wners, and wood sellers during the
coldest part of the year suggested that rates ofivboirning for heating may be significantly
higher in some colonias than was reflected in theey. These respondents consistently noted
that almost everybody in the high-poverty colonias heating their homes with wood
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calentonesand the wood seller estimated that 75% of hoddshegularly used wood for
heating. One woman noted that she had tried buysmallcalenténbut had been unable to find
one because they had all been purchased.

Percentage of Households Using Wood for
Cooking and/or Heating
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Figure 4.6. Percentage of households using wooddoking and/or heating, by AGEB poverty
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Figure 4.7. Map showing distribution of wood bumgin
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Figure 4.8. Percentage of households cooking witbdyby AGEB poverty index

Percentage of Households Heating with Wood
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Figure 4.9. Percentage of households heating withdwby AGEB poverty index

As shown in Table 4.8, however, there is variatiohurning levels within the low-poverty class
as well as the mid- and high- poverty classes. dtbeg it is important to also examine burning
levels within as well as between AGEB units. THaddelow shows the burning levels for
cooking and heating for each AGEB unit, and thet sextion will discuss burning in relation to
the incomes reported by individual households erstirveys.
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Table 4.8. Rates of Wood Burning in the AGEB UiSitgveyed

[Poverty |[AGEB Unit Households Households Heating Households Using
Index Cooking with Wood with Wood Wood for Heating
(%) (%) and/or Cooking (%)
[High H1 67 33 67
H2 33 8 33
H3 8 17 17
H4 50 20 70
Total 39 20 46
[Mid M1 18 27 36
M2 33 33 50
M3 40 10 40
M4 0 30 30
Total 23 26 40
[Low L1 0 0 0
L2 8 0 8
L3 0 0 0
L4 0 10 10
Total 2 2 4

Reasons for Wood Burning

Previous research in Nogales has indicated thatisose of the key considerations for residents
selecting heating and cooking fuels (Austin eR8D6). Non-wood energy sources such as gas
and electricity are generally available even irhkRpgverty neighborhoods, and other
neighborhood features such as topography or distom the city center are not very likely to
play a significant role in heating and cooking dems. The key factor determining whether or
not a given household can access these goodsdreegpears to be household income or
purchasing power.

Household Income as an Explanation for Wood Burning

To examine the effect of household income on waatling, individual households were
assigned to one of three household income claise$o(vest one-third of incomes, the middle
one-third, and the highest one-third) based o tiepiorted income. Household income class
was then examined in relation to decisions to asitk wood. As shown in Figure 4.10, families
who report lower incomes are more likely to use evae a cooking fuel than those who report
higher incomes. The mean household income of famdboking with wood is less than half the
mean of families not cooking with wood ($4,259 camrgal with $8,760), and the medians
showed a similar difference ($3,350 vs $6,100) (&40).
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Figure 4.10. Households cooking with wood, by hbwose income class

Table 4.9. Comparison of Household Incomes of thtmeseholds who Do and Do Not Cook

with Wood

Income

Households Cooking  Households Not

with Wood Cooking with Wood
Mean $4,259 $8,760
Median  $3,350 $6,100
Range $9,100 $44,700

At first glance, the same trend does not seemptydpr decisions to heat with wood (Figure
4.11). An equal number of low- and middle- inconoei$eholds (7) use wood for heating and a
similar number of high-income households (5) alsesuwood. However, when the range of
heating options is examined in greater detai§ évident that household heating decisions are
affected by household income. As Figure 4.12 arfalel4.10 show, almost half of the
households surveyed reported not heating their banall. Those families’ mean income
($5,946) is lower than the mean income of famiid® heat with wood ($7,090), which in turn
is lower than that of the families who heat witts ga electricity (both over $10,000).
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Table 4.10. Relationship of Household Incomes tpeByof Heating

Heating Type

No Heating Wood Gas Electric
N 60 18* 36 7
g Mean  $5,946 $7,090 $10,131 $10,571
g Median $4,450 $5,000 $6,450 $6,000
£ Range $23,700 $27,200 $44,100 $37,000

* The total number of households heating with wao#1. These numbers do not include
two households that did not report their income anel household that heats with both

wood and gas.

Household Income and the Frequency of Wood Burning

Frequency of wood burning is also related to bbéhgoverty index of the AGEB unit and
individual household income, as shown in table4-4.14. However, the data do not reflect
seasonal differences. Low percentages of burnitigimihe total sample may be due to the fact
that the survey was conducted in the fall, befbeeweather in Nogales turned particularly cold.
Data from interviews, focus groups, and participztrgervation indicate that the levels of
burning increase during the cold winter months.

Table 4.11. Frequency of Wood Burning for Cookimg Poverty Index within AGEB Unit

Frequency of Wood Burning for Cooking

Once a week or

Less than Once

more per week Total
o2 High poverty 12 6 18
W % é Mid poverty 6 4 10
<0 = | | ow poverty 1 0 1
Total 19 10 29
Percentage of
Total Sample 14% 7% 21%

Table 4.12. Frequency of Wood Burning for CookimgHousehold Income

Frequency of Wood Burning for Cooking

Once per week

Less than once

- or more per week Total

% g | Low Income 11 5 16

2 S | Mid Income 7 2 9

T~ | High Income 1 2 3
Total 19 9 28*
Percentage of
Total Sample 14% 7% 21%

*Note: One household that reported using wood &atimg did not report its household income
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Table 4.13. Frequency of Wood Burning for Heatimg Poverty Index within AGEB Unit

Frequency of Wood Burning for Cooking
Once a week or| Less than Once
more per week Total
o2 High poverty 9 0 9
W e g | Mid poverty 11 0 11
<0 = | | ow poverty 1 0 1
Total 21 0 21
Percentage of
Total Sample 15% 0% 15%

Table 4.14. Frequency of Wood Burning for HeatimgHousehold Income

Frequency of Wood Burning for Cooking
Once per week | Less than once
- or more per week Total
% g | Low Income 7 0 7
2 S | Mid Income 7 0 7
T ~ | High Income 5 0 5
Total 19 0 19*
Percentage of
Total Sample 14% 0% 19%

*Note: Two households that reported using woodhfeaiting did not report their household income
Reasons for Wood Burning

Only fourteen survey respondents specifically dised reasons for wood burning. Among those
who did respond, the most common explanation favdMourning (cited by four people) was the
high cost of gas, gas stoves, and heaters. Othgomdents discussed the seasonality of wood
burning and the need to stay warm (4), the buroingood for special occasions suchaaados
(2), and the lack of reliable electricity for electstoves or heaters (1). Two people expressed
concerns about home fires and one noted that tten@s to solve the wood burning problem
was to educate people more about the health coesegs of burning wood. In focus groups and
a questionnaire implemented by students from thgtito Tecnoldgico de Nogales (ITN),
respondents noted that they cook with wood becauseheaper than gas, and that they also
burn wood seasonally for heat.

Previous research on cooking and heating in twh-pmyerty areas in Nogales revealed that
many households maintain a variety of stoves sotliegy can remain flexible to changes in fuel
price and availability, seasonal heating needs dififekent cooking needs (Austin et al. 2006).
Key criteria residents consider when selectingestauclude price, safety, fuel cost and
availability, ease of use, versatility of stovesthetics, size, and permanence/portability. Focus
groups, individual interviews, and workshops conddaluring the previous study resulted in the
following key findings, which are relevant to theveélopment of an action plan for reducing
burning:
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Most families own multiple cooking devices (genbr#hree, but sometimes exceeding
six) and use multiple types of fuel. Virtually &imilies have at least one wood-burning
stove, many of which are homemade using recycladnmaés such as tractor discs, 55-
gallon metal drums, or cinder blocks. Other cooldegices include gas stoves, electric
crock pots, electric stoves, and microwaves.

The most commonly-used fuels are gas and woodu@inad) wood from trees, shipping
pallets, and garbage dumps), but poorer famili¢ls agcess to the garbage dump also
burn clothing, shoes, plastic, rubber, shippingrfpand other materials in heating and
cooking stoves.

Diets and cooking habits are relatively consistemoss the population. Breakfasts tend
to be quick meals of coffee with eggs, cereal,aked goods. The typical diet in Nogales
centers around meat (primarily chicken, beef, amtt)ocooked on a daily basis. Beans
are generally cooked only once a week in large tjies1(0.5-1 kg). Tortillas are often
store-bought and heated at mealtime. Many familiek large soups and stews once a
week and special dishes like menudo or barbacoa entwvice a month.

Household cooks decide which stove to use for argmeal based on the season and
temperature, the food to be cooked, and availatdks f During the cold winter months,
cooks are more likely to use indoor wood-burnirayes that also heat the house,
whereas during the summer they are more likelysogas stoves, electric pots, or
outdoor wood stoves. Slow-cooking foods like beatsys, menudo, and barbacoa are
generally cooked on wood stoves because gas artti@ty are significantly more
expensive. However, families with electric crock9will often use these to cook slow-
cooking foods during the summer months.

Daily schedules of household cooks can signifigamfluence cooking practices and
stove use. This is particularly relevant in Nogalelsere seasonal employment, night
work, and long factory shifts can make householzke@ssentially unavailable for
periods of the year. During these periods, houskshwlll often rely on faster-cooking
stoves (gas, electric, and microwaves) and on tinehpse of prepared food.

Families also use stoves to heat water for coffearfround), washing dishes (year-
round), and bathing (six to nine months of the year

The safety of cooking stoves is a serious con@dinf the focus group and workshop
participants knew of people whose houses had butaeth and whose children had been
injured because of common cooking and heating iie8v In addition, the 55-gallon
drums used to make stoves often contain dangetmmical residues and the metal
degrades quickly when exposed to fire. Many houlske$toves are in disrepair.

Home ownership status and plans for constructiahranovation affect participants’

interest in different types of stoves. Renters lamghe owners planning renovation are
typically more likely to desire portable stoves.
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*  Aesthetic preferences vary. While many cooks weraediately turned off by stoves
constructed from recycled metal cans, others wetezl by the possibility of using
locally available and recycled materials. Similadgme cooks were impressed by brick
ovens but others preferred a more modern-lookingnoae.

In focus groups and interviews, researchers coefirthese findings and sought additional
information. While reports about the extent of wdmaining for seasonal heating in Nogales
varied, wood burning for heating during the wirappears to be fairly common. Most of the
guestionnaires done by ITN students in their nedghbods and workplaces indicate that
households are burning wood for heat. In a quiskiali inspection one winter morning,
researchers observed burning in more than 10 peotéme houses within one colonia, but some
individuals interviewed suggest that burning ratessactually much higher.

Rates of Wood Burning in Restaurants

Of the 46 restaurants surveyed, 5 reported bumvimad during cooking, 4 in a barbecue and 1
in a wood stove. Due to the small number of restatgrthat reported burning wood to cook,
little can be concluded from the survey data. Tdsearchers also conducted participant
observation in the colonias where the householdesssrwere conducted, and there they
observed more frequent burning of wood and chamotile small food stands operating along
the streets than in restaurants in the city’s gente

Summary

Building upon data from prior studies, researclversducted surveys, interviews, and focus
groups to investigate garbage and wood burningagales, Sonora. In order to determine
whether small-scale burning is related to acceg®tals and services, which are influenced by
both household-level and neighborhood-level charetics, researchers also collected data on
factors such as household income, types of contaursed for storing garbage, and any types of
stoves used for cooking. Researchers then comparaeihg rates according to neighborhood-
level factors (such as poverty index) and houseleddl factors (such as income) to identify
influences on burning.

In general, people in Nogales burn to address Bpeeaeds for managing solid waste, cooking,
and/or heating the home. There are strong reldtippamong the location of a neighborhood,
age of the neighborhood, garbage collection, amdibg. In households where garbage burning
is occurring, individuals explained their actioriher as a response to problems (lack of
collection service) or as a preventive measure/éddaproblems with dogs, insects, and illness.
Study participants explained that wood was burrseanealternative or supplement to other
sources of fuel in cookstoves and heaters. Tharensiderable variation in household income
levels within an AGEB unit. This variation is reted in the level and frequency of burning,
especially of wood which depends to an even greatient on the availability of individual
household resources for purchasing alternatives doas garbage burning.

This study was not designed to collect data thatdcbe used to determine absolute levels of
burning across Nogales (see Chapter Two). Insteadjoal of the study was to use the available
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resources to gain an understanding of the causksxdent of small-scale burning and then to
utilize that understanding to develop and testaio®@ plan to reduce burning within Nogales.
Mechanisms for reducing burning within Nogales@esented in Chapter Five.
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Chapter Five: Mechanisms for Reducing Burning

This chapter addresses possible mechanisms focirggiihe burning of both garbage and wood
in Nogales, Sonora. With regard to garbage burnthmgmost direct solution is to address
garbage collection. During the summer and fall@2, the municipal government of Nogales
made significant changes to the city’s collectiervges. These changes are described below
and in Chapter Six. Because some of the necesBanges at the municipal government level
require considerable resources, it is importamtiso consider other options and approaches for
creating an integrated waste management systeny bMahose changes are described in the
following paragraphs; those that were judged mksty to succeed in Nogales were
incorporated into the Action Plan outlined in Clea@ix. With regard to wood burning, this
chapter discusses several initiatives for providiligrnative stoves to people using wood
burning stoves and heaters, as well as effortsttoduce thermally efficient housing
construction to individuals and organizations respale for building homes in Nogales.

Reducing Garbage Burning

As discussed in Chapters Three and Four, garbagénigthas been reported as a problem in
Nogales for more than a decade, both at the pbihteandividual household and/or small
business and at the municipal landfill. Though sduing does occur for other reasons, the
vast majority of garbage burning was reported tdieeto inadequate space or containers for
storing or disposing of municipal solid waste (MS¥¥at is not collected. At the household
level, burning is therefore directly linked to irfiscient or irregular garbage collection service
and lack of garbage storage containers, so spatifitegies have been developed to improve
service and provide containers.

As described in Chapter Three, steps to addressrguat the city landfill were taken in the late
1990s, with the development of a new landfill soofttown and the conversion of the original
landfill to a transfer station. Nevertheless, bngihas occurred at the transfer station since that
time, both by employees to reduce the volume otevasd bypepenedoreickers) in their
attempts to recover valuable metals such as coppek. of capacity at the new landfill and the
transfer station is a significant problem, and goweent leaders have identified a number of
strategies for reducing the volume of waste beisgased of. In addition, neighborhood leaders,
school officials, and others within the communigwva come up with ideas and programs for
diverting materials from the waste stream. The Sextion below describes various mechanisms
for improving solid waste management in Nogales fiéxt section then outlines various
programs for removing materials from the wasteastreBecause all of these initiatives are new
— most have begun within the past six months -astiot been possible to fully evaluate their
effectiveness. Nevertheless, the outcomes of tinéggives were taken into account in the
development of the Action Plan described in ChaBter

Improving Solid Waste Management
Since the fall of 2006, city officials in the plang and public services departments have been

working to improve municipal solid waste (MSW) mgeeent in Nogales, Sonora. In March
2007, officials in the Department of Planning, Urlidevelopment, and Ecology asked the
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small-scale burning team to share results of tinegudescribed in Chapters Two and Four to
include in their garbage service expansion progtitled “The Management of Non-Toxic
Solid Waste and Sealing the Open LandfillMgnejo de Residuos Soélidos no Peligrosos y
Clausura del Tiradero Abiertg” This project assessed the current state of npatigarbage
collection and included a proposal for a loan fribwe North American Development Bank
(NADB; Banco de Desarrollo de América del NoaileBDAN); the proposal first had to be
approved by the Border Environment Cooperation Casion or BECC Comisién de
Cooperacion Ecologica Fronterizzc COCER. The project laid out four goals: (1) to buy new
diesel garbage trucks; (2) to close one cell atahdfill; (3) to build a new transfer station; and
(4) to enclose the landfill.

In April 2007, Nogales residents voted on a proptzsaharge a 15 peso-per-month fee to
improve garbage collection for one year. The fees tedbe used only for purchasing new
garbage trucks and would be assessed once the tnadkbeen bought and put into service.
Voters approved the initiative, so the 15 pesosvaeided to household utility bills each month,
once the trucks were bought and put to use iIr2f#l7. Some residents opposed and protested
against this initiative, mostly because they fedahedfee would become permanent. Others
thought they would not benefit because they didreceive regular trash service. Residents who
do not pay for water service will not pay the trésh, even though city officials argue that all
residents will see improved garbage collectiorhgirtneighborhoods. Government officials
were looking for other ways to collect the garb&gefrom all Nogales residents.

In May 2007, officials presented to residents gpeed Integrated Management System for
Urban Solid Waste. The main action items in the neamagement plan can be grouped into the
four following categories:
1. Improve the collection system, including collectimutes and buying new
equipment
2. Relocate, redesign, and reequip the transfer statio
3. Close Cell A at the municipal landfill and the oggarbage dump in the Colonia
Bella Vista
4. Construct the new Cell B according to norms andileggns
5. Buy equipment for street sweeping

NADB and BECC approved the loan to improve MSW nggmaent, but required the
Department of Planning, Urban Development, and &poto present the plan to the public for
approval. A meeting was held in August 2007, duxitgch an official from the Department
presented the integrated trash management plaptesentatives from various civic
organizations. Meeting attendees voted in favahefproposed garbage management plan. The
following paragraphs summarize the steps takempyove MSW management in Nogales that
have direct implications for the level of garbagerting occurring in the city. Actions such as
the closure of a cell at the landfill are not dssed.

Improve MSW Collection

To improve the collection of MSW, officials firstvestigated the existing system, paying
attention to routes, equipment, and the quantityaurality of collection. With the help of
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garbage collectors, officials outlined the routdentified average quantities of trash collected
per route, and counted the number of houses opéatsoute via aerial photographs. When they
began, Nogales had 27 programmed routes, dividedebdrain tracks into two sectors, east and
west. Four other routes were included to colleth from permanent garbage containers
located downtown, bringing the total number of esuto 31. Often routes were fragmented so
that collectors only collected from certain streeithin a neighborhood and not everyone in the
neighborhood received service. The routes werel@signed to account for Nogales’ rapid
population growth. Also, the amount of trash cdkelcvaried for each route, thereby causing the
trucks on some routes to fill up faster than truskther routes and not allowing collectors to
pick up garbage from all houses in a neighborhood.

In 2005, city garbage workers collected around Q@@ tons of trash. Average cost to collect
garbage runs around 500 pesos per ton. A goakdPtiblic Services Department is to reduce
this cost to 380 pesos per ton. To reduce costiection must be made more efficient. In the
previous garbage collection system, with 31 dalytes, 34 teams of 2-3 workers each collected
garbage from Monday to Sunday on three shifts a @ay officials redesigned the system so
that a total of 27 teams of collectors work fromrday to Saturday, divided between morning
and afternoon shifts.

The city government also redefined the garbageesyuthich now total 53. Officials divided the
city into 3 sections with each now receiving cdil@c on the same days each week, reducing the
amount of time collectors spend driving aroundditye between routes and the transfer station.
Fifty of the new collection routes are due to reedrash service twice a week, and the other
three will get daily pick-up. The new schedule wiemd effect on June 18, 2007. A local
newspaper printed the schedule, informing resideintise days they will receive trash service.
The schedule also stated that the city had 15 trasks in service and that 20-40 new containers
were installed in the city for public use. A copiytlee announcement can be found on the city
government’s website (www.nogalessonora.gob.mif)etink, “Avanza de redisefio de rutas.”

The following 39 trucks were used to collect frdme tnitial 31 routes:

- Compactor Trucks less than 5 years old: 4 truckis 20 yard capacity, 4 trucks with 10 yard
capacity

- Compactor Trucks less than 10 years old: 2 trudks 20 yard capacity

- Compactor Trucks less than 15 years old: 10 trueits 20 yard capacity

- Compactor Trucks more than 20 years old: 3 truckis 20 yard capacity

- 3 Open top Trucks less than 10 years old

- 8 Open top Trucks more than 10 years old

- 2 Open top Trucks more than 15 years old

- 3 Open top Trucks more than 20 years old

Because most of these trucks were so old - abopei®nt of all trash in Nogales was being
collected with trucks that are older than 10 yedmeakdowns were a significant problem,
leaving the trucks out of commission while beingaieed. If all of the trucks had been in good
condition, they could have collected a total of 1317s at a time. However, based on studies
conducted by city officials, the compactor trucksd than 10 years old worked at about 85
percent of their capacity, and the trucks 15 yaasolder only worked at about 55 percent of
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their capacity. Therefore, the actual capacityheftrucks was around 116 tons. Garbage
collectors on average pick up 257 tons a day, mgagach truck and team of workers was
making 2.2 trips per day.

The city government solicited suppliers for the rgwbage trucks and selected one. Retaining
the 10 existing trucks less than 10 years old, affigials purchased 16 additional trucks — 12
compacting trucks with 20 yard capacity and 4 coetipg trucks with 10 yard capacity. The
smaller trucks were ordered because they wouldleeta climb steep mountains and handle
rougher terrain of the unpaved roads, especialtiierperipheries of the city. These trucks would
collect the trash in such hard to reach placesbaing the trash to the larger collection trucks.
With these 26 trucks, officials estimate a potdmialy collection of 264 tons, based on two
trips per day per truck. The city purchased digegicles so that if it becomes feasible to use
biodiesel the trucks can readily be converted.

Address Issues at the Transfer Station

Once the garbage is collected, it is taken torduester station prior to being transported to the
city landfill for final disposal. In addition, red¢nts can drop off their own solid waste to the
transfer station. Sometimes when residents of ghlverhood are not receiving regular garbage
pick-up, they take their own waste to the transtation, or pay someone from the neighborhood
to collect and take it. In February 2007, reseachere told that there was no charge for
dropping off garbage. However, as of May 1, 208&,ttansfer station began charging private
companies and industries 100 pesos per ton, whiakad for maintenance of the landfill. This
fee had always been in place, but it was not benigrced. This fee mostly affects the private
collection companies who are contracted by othergamies to collect trash. In interviews
conducted for this study, city officials arguedtttias price was still low when compared to
privatized landfills, like Agua Prieta, where theyarge up to 350 pesos per ton.

Buy Equipment for Street Sweeping

General clean-up of the city streets was incluaettié Integrated Management System. The
municipal government bought two street sweeperthimain streets of Nogales, including the
Periférico, Obregdén Avenue, and Plutarco EliasgSaflvenue. In November 2007, they began
to clean these streets three times a week in tifyerearning hours. These streets used to be
swept manually. Now the people who used to sweepriin streets have moved to clean the
secondary streets downtown.

Beginning in the spring of 2007, employees of tlep&@rtment of Public Services teamed up with
the Department of Social Servic&esarrollo Social to organize a series of neighborhood
clean-ups, focusing particularly on large itemg ttzanot be picked up during regular garbage
collection. Colonia representatives could sign ugh \Bocial Services for a neighborhood clean-
up day. On this day, residents would place lag@st such as branches, furniture, and tires at
their curbs and a garbage truck would come by antve them. During some events, municipal
government employees went to help residents clpahaustreets, picking up trash and sweeping
leaves and dirt.
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During June 2007, additional street clean-up dagewecheduled in different locations every
day of the month, except Sundays. On those dagaisoonly swept and picked up trash on the
street; residents did not place out large item®ick-up. Those clean-ups began at 5am and
were scheduled until 10pm every day.

Both types of clean-up days generated positivelteeddowever, researchers noted a lack of
communication between the neighborhoods and P8leligices, resulting in the scheduling and
re-scheduling of clean-up/pick-up days, often seMémes. Confusion over the difference
between the pick-up and the clean-up dates caugsiidtion among residents who thought they
had missed the date for pick-up. Similarly, onw tecasions clean-ups in two neighborhoods
were scheduled for the same day and time thouglt@ivs only went to one location, leaving
residents in the second neighborhood waiting fonesme to show up. When combined with
better service, the clean-up campaigns have thenpalkto demonstrate to residents that garbage
can be removed from their streets without the rieetdurning.

Related Issues
Privatization

As the municipal government investigated ways tpriowe garbage collection, officials looked
into privatization. There were various proposalg affers from private companies to pick up
Nogales’ trash. In the end, the proposals for difgnprivatized trash collection were rejected
and the municipal government decided to retainrcbof MSW management. Nevertheless, one
company was contracted to collect trash from palarcpublic containers placed in different
communities throughout Nogales. Thirty such corgesnvarying in size from 1 to 3 cubic
meters, have been installed in communal placesentesidents often put their garbage. The goal
is to install 100-120 of these containers througidagales. The contracted company has its
own garbage truck and is supposed to pick up eashy day from these public containers.

Containers/Storage

Some residents indicated that people burn garbegguse they do not have a place to store it.
The city does not take responsibility for providimgusehold containers, as it only focuses on
providing containers in public plazas and parkssiMmeople who do have waste storage said
they usé¢ambos or recycled 55-gallon oil drums, as garbage doata, especially in areas that
receive irregular collection service. These drunesower two times larger in size than permitted
under the Regulation of Public Services, whichschdl containers to be no larger than 100 liters
(26.42 gallons). However, while such containerstac@nically in violation of the Regulation of
Public Services, the restriction on size is nobergd.

The tambos are made of either plastic or metal.genbage collectors prefer the plastic ones, as
the metal ones are significantly heavier. Howeseme residents noted that in many areas of the
city, especially those on the tops of hills, thawnewinds could easily tip over plastic containers.
Also, many residents are afraid of container threfpecially in areas where garbage containers
are scarce. Plastic containers are especially bkdwees they can be used to store water, though
depending on the source of the container therelreagpncerns about chemicals leaching into
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the water. Some residents employ methods to datares, such as pouring cement in the
bottom of a metal container, or chaining it to ade. These actions however prohibit collectors
from lifting the containers to deposit the garbage the truck. People can and often do burn
inside metal containers, whereas people are nettalidurn in plastic ones. Garbage collectors
noted that sometimes when people burn in metabooerts, they leave the ashes and put more
garbage on top for collection. Not only does the mske the container very heavy and create
clouds of dust when it is being emptied, but it eéso be dangerous. If embers are still alive,
they can catch fire in the truck or even at thelfdin

Researchers observed many different kinds of garbagtainers throughout Nogales.
According to the garbage collectors, the easiastatoers for them to handle are plastic cans or
tied garbage bags. The most difficult are largeatn&intainers, due to their weight. Also
difficult are immovable trash receptacles, sucthase cemented into the ground, unless the
garbage is placed inside plastic bags. Oftentithesgarbage in these receptacles is loose and
collectors have to remove it piece by piece, enmgtyt into another small plastic bin to throw
into the garbage truck. If the container is extrgnerge, collectors must climb inside and
remove the garbage bag-by-bag or piece-by-piece.

In places where garbage is picked up every dayymesidents and small business owners do
not use cans or storage containers. They hang phaatic bags from fences or telephone poles,
or place piles of trash bags outside on the cuften®mes, if no garbage piles or cans are on the
street, and if the workers know their routes amdeople along it, they knock on doors or poke
their heads inside a business asking for the garbag

Besides cans, researchers noted other kinds diva@emrbage container solutions, often made
from other items. Old refrigerators tipped on th®cks with “BASURA” written on the side are
often used for garbage. Sometimes the refrigedxor is still attached and used as a lid to keep
out animals. An interesting receptacle observetebgarchers is a shopping cart, welded to a
pole, and lifted about 4 feet off the ground toedetogs. Also, small cages are used, either on
the ground or hung from a fence.

Though some individuals suggested that MSW managewauld be improved if containers
were made available to residents, one city officidrviewed for this study was not convinced
that giving out containers would be an effectiviison. He noted that eight years ago the
Department of Public Services gave out 55 gallan¥dy for this purpose, but that did not solve
the problem. According to this official, the soburtilies in education and creating a culture of
throwing away trash properly.

An official from the Department of Urban Developrmdplanning, and Ecology also pointed out
the importance of having the right type of contaite recalled how the department previously
installed a large dumpster in one neighborhood,raady people used it. However, children
were most often sent to throw away trash bagstlaidattempts to throw the bags over the high
walls of the dumpster were not always successfanywbags never made it inside. Instead, they
opened in the air, causing the trash to scattemarthe dumpster and creating more of a mess.
Then, because the city did not have trucks thaldddtthe dumpster, the garbage collectors had
to go inside and empty the garbage by hand.
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Nevertheless, in the fall of 2006, the Departmédrmiublic Services installed approximately 40
blue metal trash cans in the downtown area, asopartampaign to clean up the area. These
trash cans were lined with plastic bags and bdtigtie ground. Each had a metal lid with a
small opening, allowing people to throw away thpgrsonal trash items, but not allowing people
and businesses to throw away large items or tragh.llhese trash cans were placed on trash
routes with regular trash service.

Summary of Pilot Action to Build Community Garb@dgeas

In focus groups conducted in April and May 2002 tesearch team asked participants what
types of containers they preferred to have in theighborhoods. Members of the team also
talked with garbage collectors and rode along wigm on their collection routes to understand
from which types of containers garbage was eatesillect. Researchers also evaluated cost
and accessibility of different containers. Afteisthreliminary work, the research team worked
with residents of Colonia Articulo 27 to explorethise of public garbage storage areas.

Community members and members of the researchdeaigned a storage area that consisted of
4-12 plastic and metal 55-gallon drums, donate@ByBard, a maquila in Nogales. The plastic
containers were the types of garbage containefsrped by most of the collectors researchers
interviewed, however, some metal ones were usetehdecause there were not enough plastic
containers available. But to keep out dogs, andeprietheft, a fence was constructed around the
trash cans, with a gate so collectors could rentledrash cans. Three enclosed garbage areas
were constructed in strategic points in Articulg @Rich residents already were using to dispose
of their garbage.

Most of the enclosed garbage storage areas workedllaction sites, however, in one of the
sites, all the plastic containers were stolenual sontainers are often used to store water and
are somewhat valuable. At one storage area, contynmeimbers drilled holes near the bottom
of the cans so people would not be able to stoteniathem.

When the research team asked people in other rarigbdds if they would like to try public
garbage containers, many said no, primarily becaltiek of a place for such a container
within the colonia. Most residents were unwillighave it located near their houses as they
feared it would just collect garbage and createeasnHowever, if the container was too far
away, residents said they would not use it. Margppesaid they would rather have a personal
garbage can by their house.

Miércoles Ciudadanos (Citizen Wednesdays)

Immediately after taking office in the fall of 200&e new municipal government initiated a
program, calledMiércoles CiudadanogCitizen Wednesdays), to increase communication
between citizens and the government. The progran isitiative of the National Action Party
(Partido Accion Nacionabr PAN) and has been instituted in other cities of Sgnihia was the
first such program in Nogales. As part of the paogyrthe mayor and the directors of every
municipal department hold weekly meetings to ligtethe needs of the city’s residents.
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Residents arrive and take a number for the paaiaépartment they want to see. When their
number is called, they can present their need skdoa assistance.

Reactions to these meetings have been generalyveaand the meetings are well attended.
Some interviewees who have participated in thigm say it is the first time they felt their
concerns were being heard and the issues actulhgssed. This program has been important to
the small-scale burning project because it hasigeava venue for Nogales residents to access
their municipal government and ask for help withi&@e projects or ask for services for their
community; for example, residents voiced their @ns regarding garbage service. The
opportunity to present their needs in front of leard of city officials gave some residents
confidence that action would be taken.

Removing Materials from the Waste Stream

Another approach to addressing the critical needhiproved garbage collection and the lack of
landfill capacity is to remove materials from thaste stream. The following sections describe
three alternatives — composting, recycling, andeetithat have been attempted in Nogales.

Composting

People sometimes burn so animals are not attractiéné food in their garbage. Separation of the
organic and inorganic waste, and then compostiadgdimer, can help reduce the overall
amount of waste and especially that which attrpetds. In Nogales, composting has been
attempted at several levels.

The Nogales Municipal Nursery: The Department afl&gy maintains the municipal nursery,
located on Avenida Tecnolégico, near the colonfalaadines de la Montafia, El Rastro, and
Colosio. Two people staff the nursery, and it isropix days per week. In addition, a family
lives on the grounds of the nursery and its memaetras guardians. The two workers care for
several thousand young plants and maintain congilest Employees attended a composting
workshop in Hermosillo, Sonora (organized by 8seretaria de Medio Ambiente y Recursos
Naturalesor SEMARNATand thdnstituto Nacional de Ecologiar INE) and are currently
testing different composting options and mixtu@se method involves making piles of dirt,
leaves, food waste, sawdust, and a small amouwdtté manure. Another involves making
compost in long strips (chorizos) consisting of oman leaves, and small branches (to provide
ventilation to the compost). A third method invadwbe same ingredients as the previous
method, but the compost is made inside a contaiméal results indicated that the third option
was working the fastest. After a week in the corggithe mixture was already at the same
consistency as the compost in long piles, whichléesh outside and exposed to the summer
monsoon rains for about three months.

Employees of the city Ecology Department have algestigated the use of worms to aid in the

composting process. Though it is possible to busnvgy cost is a concern. Employees may find
worms near the nursery and put them in the conpatest or containers.
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Employees also expressed a desire to use moreiofgad waste in the compost. They are
currently investigating the possibility of obtaigifood waste from supermarkets and restaurants.
They would also like to set up a program to collemisehold organic food waste for the

compost piles. The compost will be used to fesililze plants being grown at the nursery. The
city would like to expand this operation so thatngmst can be given away or sold to local
residents for use in community green areas, perg@andens, and reforestation projects.

The nursery is available to conduct workshops. &itg] teachers, and community activists from
the Association for Reforestation of Ambos NogdRAN) attended a workshop at the nursery
in November 2006, where they learned how the nyrsgerates and helped to collect dry leaves
to add to the compost pile. One of the city empésyieom the nursery led composting
workshops at ARAN'’s fall 2007 retreat. Ecology stots from Escuela Secundaria General 3, a
secondary school (equivalent to grades 7 to 9)sadite street from the city nursery, perform
various tasks at the nursery.

Schools: Several schools within Nogales have dgeelgrograms to make and use compost. At
the high school level, both the Centro de Estudimsnoldgicos industrial y de servicios N. 128
(CETis 128) and the Colegio Nacional de Educaci@ieional Técnica (CONALEP) have
incorporated composting into their ecology and ganag projects. At CONALEP, for example,
students must participate in social service prejazigraduate. One option for fulfilling social
service requirements has been participation inoggcdl projects, and one project that was
underway for several years was the production ofpmst. Organic matter from local
supermarkets and food vendors was collected adheol, and the students constructed compost
bins in which they placed the material. They wéentresponsible for turning and adding to the
compost pile on a weekly basis. In May 2007, iroggition of their hard work and dedication to
the environment, two of these students were awattteedlunicipal Prize for Youth in the
Category of Caring for the Environmeil (Premio Municipal de la Juventud, Cuidado del
Medio Ambienteby the City Government. The supervisor of theibalaported that during the
program some students encouraged their familieagage in composting practices at the
household level. In addition, the supervisor hérsébng with other members of ARAN, created
their own household composting systems.

Individuals: Some people who have moved to thelwtye brought sustainable farming practices
with them, including composting. Through focus gre@and interviews, researchers met
individuals who composted their household food waBbr example, one woman in Colonia
Colosio composted by placing fruit and vegetablstearound the base of her plants. While her
system worked, she was interested in learningreiffecomposting techniques; she complained
that her method often produced an odor and atttdbés. Also, leaders of World Vision, an
international non-governmental organization whietently established a program in Nogales,
also expressed interest in learning compostingiigales to teach in the community as part of
their gardening classes. Researchers from the scealk burning study helped coordinate
resources for the workshop.

Neighborhoods: Residents from various neighborhaodogales, Sonora have worked with

ARAN members and local high school students to libgpvgreen areas in their neighborhoods.
Their work involves cleaning up trash, plantingesgebuilding “trincheras” to control erosion,
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creating walking trails, and building community qoost bins. In two neighborhoods, residents
constructed public compost bins where neighborédodiscard food and yard waste. Other
people in the same neighborhoods have built thveir compost bins after learning about
composting through their participation in ARAN asthool ecology groups.

Summary of Pilot on Community Composting

As part of this study, researchers identified @exgt “compost expert” in Colonia Colosio who
has been using her food scraps to fertilize plé8ite. was interested in sharing her experience
and knowledge as well as learning different techesq At the residents’ suggestion, research
team members collaborated with World Vision, whias begun working on various projects in
the colonia. Residents wanted to learn more abmuaposting in order to develop an educational
program to grow and sell plants. A preliminary plang session was held in June 2007 to
discuss a composting workshop in Colosio for JRlgpresentatives from Colosio, World
Vision, the City Nursery, UA, and an ARAN memberanminad successfully implemented a
community green area and compost bin in Coloni&a\8bnora attended the meeting. At the
meeting, participants discussed the possibilitgrefting a green area and community compost
bin. Eventually the participants decided that prangphousehold composting would be more
effective for the present. Residents did not wartake their waste far away and the compost
they produced at home could be used on their oamtgl

Fifty people attended the workshop in July 2007%i&ent experts from the colonia and the city
nursery explained the importance of compostingthedasics of separating organic waste from
inorganic waste, and describing what could anddcaot be composted. They presented various
methods and containers and also discussed methptinting and caring for plants. The city
nursery donated twenty plants, which were givenyaiwavorkshop participants along with
instructions on how to care for them. A trip to iy nursery to see the composting and
planting operations there was planned for earlyusiig

Recycling: Collecting and Managing Materials toRyecessed Elsewhere

A second alternative for reducing the amount obgge that must be taken to the landfill is
recycling. As described in Chapter One, recycliag rzduce the cost of collection and at the
same time reduce the volume of waste, thus makipgsisible for the municipal government to
improve management of the material that remairteerwaste stream. For example, if less
garbage were generated per household, the exggirigge trucks could handle a greater
number of households.

In Nogales there exist two types of recycling -emfial and formal. Formal recycling consists of
regular collections of recyclable materials. Asthime in Nogales, this type of recycling is
available only to private businesses and the madaorbs. Informal recycling involves people
who look for waste and sell it to small businesses.

Formal Recycling: There are various businessesraagliladoras that participate in formal

recycling in Nogales, Sonora. These companiescatalied sell recyclable materials from other
maquiladoras. One of these businesses, Transforemde México (TOM), has been in
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Nogales, Sonora for 12 years. The company colleeterials such as paper, cardboard, plastic,
glass, bronze, copper, aluminum, antimony, zind,iean. A company official told researchers
that TOM collects wastes from 80 percent of tharmsses in Nogales. The company buys
materials from the businesses, cleans them, amdsitles them to other collection centers and
businesses, depending on the type of materiale¥ample, materials made of fiber are reused to
make napkins and toilet paper. Copper can be nmaddoullions or wire for lights. Items go to
Phoenix, Los Angeles, or Mexicali. The businessssfpr the collection of garbage, but TOM
pays the businesses for their recyclable wastes aitount that is paid depends on the volume
of material and the market price at the time.

At this time, TOM does not collect materials fromulseholds, but the company has conducted
clean-up campaigns in various colonias. The compdsty has a program with some local
schools to collect their waste paper.

There are two recycling businesses that speciatitge collection of plastic. One is SVR
Plastic, which began doing business in Nogalespoim late 2005. The company recycles
PVC, polyethylene (plastic bags), PEB (plasticles)t hoses, purges (plastics with paint),
polypropylene, plastic racks, and spools. The mimmguantity that the company will purchase
is 100kg. The company collects materials from miagand takes it to SVR Plastic for cleaning
and compacting. It pays 4 to 28 cents per kiloedeljpng on the material, and then sells and
exports the majority of it to factories in Los Ahkgg CA, but at times to China, where it is
turned into gloves, boots, and plastic suits.

SVR Plastic is recognized as a maquila, not asycker. Thus, at this time the company can
collect only from maquiladoras and does not havengsion to purchase from individual
citizens. The company does have an agreement hngtlotal government to buy plastic that the
pepenedoregather at the municipal transfer station.

Recicladora del Yaqui, with more than 12 years waykn Nogales, Sonora, also recycles
plastic. The company compacts and grinds the pl&ssell to other factories. The spools, for
example, are sold to make footwear, like the hieelshoes. The materials are sold where the
prices are the highest, at times in Mexico or Chirfee company also buys directly from
magquilas and businesses, not from citizens, bupeoy officials are considering a program to
buy plastic from citizens. The company has a pnognath Coca-Cola to buy plastic soda
bottles. Company officials want to begin a prognaitin Nogales schools to collect their bottles.

Informal Recycling: While there is no program fadlecting household materials, there is a
fairly large informal recycling system composedsofall recycling centers, the majority of
which are located in the center of Nogales. Membgétke research team interviewed people
who worked at three different recycling centersevehthey buy various types of metal, such as
aluminum (around 10 pesos/kilo), copper (40 pedlog/lboronze (between 9 and 15 pesos/kilo),
and cans (15 pesos/kilo). The interviewees alentified a business in Nogales, Arizona that
buys metal and glass (at 1 peso per returnabl&eptdtsell to the bottlers.

Many people collect cans and other types of metaktl to the small recyclers. Some collect in
their neighborhoods or their houses. Others coitettte streets in the center of town. The
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majority of the garbage collectors collect thingsecycle during their collection routes. Also,
there are variougepenedoregl0-20) who live on or near the municipal transf&@tion. They go
through the garbage that arrives there and takéheuhings they can sell. But by the time the
garbage arrives at the landfill, many people hagkegul through it, so the most valuable items
usually have already been removed.

Implementing a Recycling Program in Nogales

Officials in the Office of Urban Planning in Nogal8onora have developed a new recycling
program as part of their integrated management®\MiIn September of 2007, officials
presented this recycling plan to Nogales residdrtsir goal is to recycle at least four tons of
trash per day through September 2009 (the endeafdhrrent term of office). At the meeting,
officials discussed the benefits recycling wouldpde residents, which are discussed below.
1. The Eco-Peso: By recycling at certain city centezsidents would earn eco-pesos,
redeemable at the city government offices for ogthated transactions like fees or fines.
One eco-peso would allow someone a 10 peso discount
2. School Recycling Programs: This program would imeatollecting paper and plastic
from schools and recycling them at various recygctienters in Nogales, Sonora. The
money earned would be used towards building playguie and soccer and basketball
courts. This program would involve the help of redi people and people currently in
rehabilitation facilities.
3. Reducing waste in the Landfill: The landfill wik$t much longer if Nogales recycles,
simply because less trash will end up there. Tlilisoenefit residents because they will
not have to pay the costs of opening another [Andfi

Recycling: Collecting and Managing Materials toRyecessed Locally

Though most of the recycling done in Nogales inesleollecting and managing materials to be
transported outside the city, state, and even cptmt processing, the local production of
fibrous concrete provides an alternative for trealgrocessing of recyclable materials. This is a
particularly attractive option for materials suchpmaper that have a lower resale value and for
which the costs of transportation may outweighvihleie of recycling. Data from the household
survey indicate that Nogales residents respondeararket in their decisions about whether or
not to recycle. Materials such as aluminum and eoppve a high resale value, so recycling
them is both cost-effective and attractive to laesidents. In contrast, as shown in Table 5.1,
data from the survey indicate that paper and candbare the items most often burned in
Nogales. Consequently, new mechanisms are needethtive paper from the waste stream.

Table 5.1 Types of Waste that Are Burned in Nogales

Paper and Branches and Plastic Glass Food Other*
Cardboard Leaves
39 (87%) 34 (76%) 31 (69%) 12 (27%) 9 (20%) 12

The production and use of fibrous concrete provatesoption for recycling paper locally. In
2005-2006, a team of researchers at the UA, wonkatly community partners and supported by
the ADEQ, conducted a project entitled, “Thermah&touction and Alternative Heating and
Cooking Technologies.” The team investigated vagitachnologies, some of which offer
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solutions to reduce garbage and wood burning. @tieese projects involved an alternative
building material called Fibrous Concreteoficreto Fibrosamr ConFib; also known as
papercrete; see www.livinginpaper.com) which praduoricks of high thermal mass and
therefore could reduce the need for heating durold winter months. ConFib is a mixture of 50
to 80 percent recycled paper, water, sand, andaiAdrcement; other materials such as ash and
straw can also be added to the mix. Fibrous comcat be made with newspaper, office paper,
cardboard, workbooks, phone books, and magaziftesgh magazine paper cannot be used
alone). The ConFib mixture can be poured into madwake adobe style bricks, or it can be
poured into slip-forms (for more information aboodking ConFib, see Appendix G).

This technology was selected by community leadedsrasidents in Nogales, out of a number of
different alternative building materials such anmaed earth and sandbags, as the alternative
most likely to be accepted and adopted in Nog&ligsous concrete was favored because it can
be used to construct homes that look like standiader block homes and are thermally
efficient, secure from theft, made of readily agble materials using local masonry expertise,
inexpensive, and both fire and insect resistardisth converts a waste product (used paper) into
a resource and can be made locally.

Because the alternative technologies project assgggndicated that further attention should be
paid to ConFib, and also identified potential pesb$ such as the need for large quantities of
water, paper, and sand which must be transportdtetproduction site, a series of nine ConFib
workshops were held, beginning in the summer o620 lasting through spring of 2007.

Each workshop was designed to introduce the teoggdb community members or teach
participants further steps towards building a Cortteuse. Experts were identified and brought
to workshops to help facilitate. These expertsudet!: a professor of engineering at the Instituto
Tecnologico de Nogales who had been working wighslidents to test the material, a
community leader in Colonia Flores Magdn who haehbexperimenting with the material, and
Barry Fuller, an Alternative Materials Specialigtahas been working with ConFib for over
four years and was instrumental in teaching thearet team and community members the
basics for building ConFib structures. Also, as oamity members gained more experience
with the material, they in turn taught newcomerswtiConFib. Most of these workshops were
held to instruct people in the basic steps of n@kionFib. One workshop also introduced the
tow-mixer, which uses a differential rear-axle tixitihe material (see
http://www.livinginpaper.com/getyours.htm). Aftdret workshop, the machine shop instructor
and a group of his students at CONALEP construatemlv mixer to be used in the community.
Two other workshops focused on future steps fostranting a ConFib structure, including the
foundation and the roof.

During the course of this study, three different€ib initiatives began in Nogales, Sonora. As
an example, one of these initiatives is underwaylames Magon. After learning about the
material, a community leader in this colonia deditle would build a demonstration room on his
property. Once complete, he plans to have opershelien people can come by and see the
room so they can see how sturdy the structureois,vkaell it holds up over time and in adverse
conditions, and also to test the materials’ thenpnaperties. The foundation workshop was held
in this location in February 2007. Currently, tbermdation and part of a wall using a slip form

® A special thanks to the University of Arizona’s dlan Fund for providing funding to facilitate Seeworkshops.
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method have been constructed at this site. A slimfhas also been built for the bottom portion
of the other three walls. More than fifty bricksvkabeen made and are ready for use at this site.

The second initiative was begun at the Casa derMdia in Colonia Bella Vista. A

community member was selected to organize the cantynand organize workshops, and he
facilitated a number of introductory brick-making@skshops there, not only for members of the
Bella Vista community, but also for members of ott@mmunities, schools, and professional
groups. Though more than a dozen bricks were miithe site, the bricks were destroyed by
vandals when they were left to dry. The mixer carcded at the site was also destroyed when
vandals stole many of the metal parts. As a read#nce was constructed around an area where
the bricks could dry and materials could be stoaad, an enclosed area to collect paper was
built. Program leaders are now looking for fundsesume the project.

The third initiative grew out of the ConFib projexttthe Casa de la Misericordia. The director of
the Casa presented ConFib to members of the Asonide Profesionales en Seguridad y
Ambiente (APSA), a group of maquiladora employebs wmeet biweekly and work on
environmental projects. An APSA member who workethe maquiladora Alcatel organized
other APSA members to begin a ConFib project. Thoeg decided to build a 3-room ConFib
house for an Alcatel employee who was living in@keshift house at the time. APSA members
donated money to buy a plot of land on which tddtkie house and organized an introductory
workshop at the Casa de la Misericordia. To geptiogect moving more quickly, on April 19,
2007, the Alcatel employee organized a contest gmuaquiladoras to build as many ConFib
blocks as possible in one day. Eleven teams frdfardnt maquiladoras participated, each team
consisting of three people. In the end, over 8é€kbrwere made that day. In the fall of 2007,
Alcatel managers and employees continued theieptomaking additional bricks and hosting
Barry Fuller at a one-day workshop on foundati&gsrently they are beginning to build the
foundation of the house and organizing future aoicsibn days to have the house completed by
Christmas 2007.

The development and testing of ConFib continuedutn the study period, both in Tempe,
Arizona and in Nogales, Sonora. Investigations atstinued into the potential for
standardizing the brick-making process and scalmgroduction on a larger-scale. In February
2007, Barry Fuller introduced people in Nogalea teew type of brick which was compressed
and also, due to the process by which it was mamléd incorporate small bits of other waste
materials, such as plastic. This type of brick i&fferomise for Nogales because of the difficulty
of achieving 100% waste separation. In additioguka ConFib structures can be up to two
stories high, but the compressed brick could be fmestructures of up to four stories tall.

Reducing Public Acceptance of Burning

As noted in Chapter Four, the majority of garbageimg that was reported in Nogales occurs
because it addresses a significant problem — theval of garbage and prevention of associated
problems such as pests and potential for diseaseertheless, nearly one-fourth of the people
surveyed who have regular garbage service burnghebage. Individuals who burned their
garbage despite having access to regular collectied the presence of flies, a lack of garbage
bags, the amount of garbage, laziness, and theededieep the yard clean as reasons for
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burning garbage. In addition to improving garbagetainers, reduction in burning among this
group will require reducing public acceptance ofrting as an option. Two approaches were
examined: (1) legal measures and fines; and (2jgpe8ucation and outreach efforts.

Legal Measures and Fines

The collection and disposal of household solid wasicluding garbage burning, is regulated
primarily at the municipal level by the RegulatioihPublic Services for the Cleaning,
Collection, Transportation, Treatment, and Finafdoisal of Non-hazardous Solid Waste in the
Municipality of Nogales, Sonora (Regulation of Ral3ervices) and the Regulation of
Ecological Equilibrium and Environmental Protecti(®EEEP). Additionally, because
atmospheric pollution is also a serious public heaincern, the burning of garbage and other
solid waste is prohibited in the State of Sonokgslth Law (Ley de Salud).As the law
currently stands, the regulations pertaining tditions of garbage and solid waste burning in
Nogales exist predominately at the municipal le@irrent enforcement practices do not
adequately avert violations, though this seemsamilgndue to significant infrastructural
deficiencies regarding garbage collection.

In order for any enforcement program to provideéiie deterrence, improvements must first
be made to the infrastructure, and educational e&gnp should be launched to help change
negative waste practices within the community. yGifter these steps are taken can effective
deterrence through enforcement programs take place.

Fines are another possible mechanism for reduaingjiy. The municipal government created
twelve new inspector positions specifically to hplbple accountable for garbage-related
violations of the law, including garbage burninglamauthorized garbage dumping. The
positions are funded directly from the municipatipet, which has allotted MX $688,020.69 (
US $62,957.21) to the program for 2007, and updleation, the fines are put into the municipal
treasury. The program does not receive any funfilorg the state or federal level.

The inspectors primarily patrol the low-income ragrhoodghat receive the most irregular
trash collection services, including the followioglonias Colosio, Solidaridad, Manantial, Las
Torres, Colinas del Sol, Articulo 27, and Puebleiu The Department instructs its inspectors
to impose fines for dumping garbage in an undesaghplace, burning garbage, having rubble
accumulated in front of the house, having littefront of the house, putting out garbage on non-
collection days, and operating businesses in tieetstUpon discovering a violation, an inspector
can either give an official Notice of Violation oite the violator immediately.

If the fine is not paid within the specified 72-mqeriod, the violator is supposed to receive a
warning from the municipality. If the violator castrafford to pay the fine, the alternate sanction
is 4-5 hours of community service helping with tleégghborhood clean-up campaigns. This
alternative is determined at the Treasury officemwthe violator goes to pay the fine.

® Ley de Salud [Health Lawls amendecth. V, art. 181, Boletin Oficial del Estado den6 [B.O.], 6 de Julio de
2006 (Mex.).
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In addition to this new inspection system, theral$® a long-standing hotline number (072) for
citizens to call in order to officially report vations they have witnessed. The number
corresponds to the Citizen Attention lifténcion Ciudadangaand the complaint is either
transferred to the City Police or the Inspectonsimy focus groups for this study, some
residents told researchers they reported theihibeig for burning out of fear that, in areas
where people are living in houses built of woorkdiwould start and spread through the
neighborhood.

As indicated by the new inspection program, thereshbeen recent efforts within the current
City Council to establish a system for enforcing ffanctions provided in the Regulation of
Public Services. Thus far, however, enforcemedeuthis program has been inadequate to
address the severity of garbage-related violatimesirring in Nogales, Sonora. For example, 26
fines were paid for citations issued by Public 8 during the 4-month period from March
through June 2007, totaling MX $10,936.67S $1,013.42) and averaging only MX $2,734.02
(= US $253.35) per monthBusinesses, both small and large, paid for apprately 1/3 of

these fines. Individuals paid for the remaining @f the fines, for violations including dumping
trash and construction materials in the publicestréf the paid fines that had violations noted
on record, none was imposed for garbage burniniggltinat period of timé.

Personnel from within Municipal Public Servicesasshat fines are not imposed on individuals
who do not have garbage collection service. Anotéason for non-enforcement originates from
the fact that the inspectors from Public Servigesodten directed to engage in other types of
work apart from their inspection routes, includpayticipating in the citywide garbage clean-up
campaigns. REEEP and the Regulation of Public 8esvwoth contain provisions prohibiting the
burning of household garbage and solid waste, ditiad to establishing the legal duties of
citizens and the municipal government with regaodsolid waste disposal and collection.

Both the REEERNd the Regulation of Public Services give respeatepartments of the
municipal government the power and duty to esthblispection teams to carry out enforcement
of its laws. The Department of Planning, Urban &epment, and Ecology and the Department
of Public Services have recently collaborated &t a new inspection program to increase
enforcement of garbage-related violations. Howgetes enforcement effort has thus far been
inadequate to address the severity of garbagescelablations in Nogales. Due to the fact that
many people who violate the regulatory provisioosaerning garbage dumping and burning do
so because garbage collection service in theitbeidnood is either irregular or nonexistent, it is
generally considered unjust to enforce sanctionsuch individuals.

In order for enforcement efforts to be effectiveaadeterrent for garbage-related violations in
Nogales, there needs to be significant improveroétite garbage collection infrastructure.
Additionally, the city and community partners neearganize educational campaigns to inform
citizens of the alternatives to negative wastealgppractices. Only after such changes have

" Reporte de Ingresos por Concepto de Multas—Ses/Rilblicos del 1/03/07 al 27/06/07 [Intake RefmrPublic
Services Fines from 3/1/07 to 6/27/07] (June 2D72@on file with the Municipal Treasury Office biogales,
Sonora).

®1d.
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been made will an enforcement program make a signif impact on solid waste management
in Nogales, Sonora.

The current program in place for enforcement ofRlegulation of Public Services, though
inadequate at this point due to current circumstarand priorities, could potentially be adequate
if certain basic necessities of the citizens of &leg were fulfilled, including sufficient garbage
collection service and containers. Finally, onachizens of Nogales are receiving adequate
garbage collection service and information aboeththzards of open-air burning, it would be
appropriate to increase enforcement efforts to @raby remaining violations of the garbage
dumping and burning bans in the existing local laws

Controlling Dogs

The Department of Public Services has also starteglv program to control the street dogs in
Nogales. Two people have been hired to round @etstlogs. They have a truck and the
equipment to catch the dogs. If someone’s dogpsucad, the person must pay a fine to get his
or her dog back. If this program is successfudpiild reduce the number of dogs that get into
trash and spread it around the street.

Public Education and Outreach

As noted in Chapter One, public education and aatreare key components to the success of
any public program. City officials have placed imf@tion in local newspapers and radio
programs describing the new waste management systeNpgales. They have also conducted
a series of public meetings to discuss the infoilongrom their studies and presented their plan
of action. For all of the above mechanisms to reduaning, those implementing the programs
will need to follow through with public educationgoutreach to make sure residents are
informed of the changes in MSW management.

Wood Burning

In a previous study (see Austin et al. 2006), nedeas assessed approaches for reducing
emissions generated by the use of wood and otimebustible materials as fuel for household-
level heating and cooking in Nogales, Sonora. Beeaumerous alternative stove technologies
have been designed and studied, several altersatieee identified. Guided by interviews,
household visits, and focus groups, the researsh selected two energy-efficient, low-
emissions stove designs as most likely to be apiattefor Nogales: (1) solar ovens and (2)
rocket elbow stoves. The team also developed@nsgeportable version of the rocket elbow
stoves. In total, 56 households received stovdsramitored their use of them for a period up to
six months. Participants used monitoring formeetmord their stove use and cooking patterns
for at least two months and researchers visitet baasehold at least once every three weeks to
discuss the stoves and to make sure that propendadation protocol was being implemented.
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Alternative Stoves

Solar Hotpot

One of the cooking technologies pilot tested wasShlar Hot-Pot. This study took place from
summer 2006 until spring of 2007 in two differeeighborhoods on opposite sides of the city of
Nogales, Sonora. The neighborhoods differ greatlge and are occupied by residents of
slightly different socioeconomic levels, with thewer one having residents of lower
socioeconomic status.

There were two phases of testing for solar coolteaswere introduced first in December of
2005 and distributed in March of 2006. As a cordiian of this project, 33 more solar hot-pots
were distributed within these two communities ia pring of 2006. Participants in the previous
phase of the project were enlisted to help in tloaitoring process. The monitoring process
required Hot-Pot users to fill out two differentrios, one containing information on the specific
process of cooking with the solar Hot-Pot and ttieiowith information about their general
habits of cooking and use of other combustiblesn@anity monitors were recruited, one for
each of the two communities, to help collect thenitmring forms from the users. In the second
phase of this project, monitoring continued fromyM2806 until the end of October 2006.

A series of exit interviews were conducted with le¢ pot users in November and December of
2006 to assess the project and plan for futurere&tiThese interviews focused on the
particularly active users or users who had notntepanuch usage. Because of a clear decline in
Hot-Pot use during the winter months, after thosatims had passed, in April and May of 2007,
another 15 interviews were conducted with participdo determine whether or not they had
started using the Hot-Pots again, if there wereraaw problems, and if participants who had not
been frequent users planned on trying again tras geif they would be willing to donate the
Hot-Pot to another family. This process was algt giasetting up an event in which to gather
the solar users together and share experience®emohmendations as part of a larger project to
assess the feasibility of a small enterprise ttitdige Solar Hot-Pots in the city of Nogales.

Participants exhibited great variety in their uséhe Solar Hot-Pot. During May 2006, users
reported using the Solar Hot-Pots 286 times. Thstipmlific user used cooked 72 meals in a
four month period whereas other users reportea thréewer usage'.Seasonal variations also
exist. The greatest use occurred during June. Buahn@ monsoon season in July and August, as
well as during the fall months of September anco®et, participants reported decreased use.
Researchers also found that participants were glaesume use after a period of non-use.

Explanations for non-use included complaints thatweather was unsuitable, despite the
successful use of the Hot-Pots at demonstratiomstleat the reflector had been damaged or
destroyed by rain, sun, or wind. Those who repatttechighest levels of solar cooking in the

first year reported damage to their reflectorsluding delamination due to exposure to water,
ripped tabs, and a streaking affect, where thect¥le surface appears to have been washed out
by the sun. Further testing should reveal why anadl tihese reflectors are getting damaged, but it

° Thanks to Solar Household Energy, Inc. for domgtire Solar Hot-Pots to the residents for the study
19 Some of these women left the area and were nottoned
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is clear that cardboard is not durable enough.r$&tdaisehold Energy, Inc. sent 25 replacement
reflectors to Nogales, Sonora where they are wattrbe distributed to Hot-Pot users.

Though all users had attended workshops when te#viexd their stoves, several problems or
misunderstandings were reported to the researeneérsnay have contributed to the great
variation in usage. Some people reported heariaigttie Hot-Pots can cause cancer. This rumor
was quickly dispelled during workshops and homeésiut mistrust remained within the
community about use of the sun’s rays, which peapeaware can cause skin cancer, for
cooking food. Others reported that they or themifees did not like the taste of the food cooked
with the Hot-Pot and would therefore only use it$pecific foods such as beans or rice.
However, the high levels of enthusiasm demonstriayesbme participants indicate there is the
potential for future use of the Hot-Pot in NogaBsmora.

Because participants discontinued their use duviagperiods of the year — summer monsoon
rains and then winter months — it is difficult fogse to become habitual. Restarting was a
problem after each period of non-use, and few pemgdtarted after the second period of non-
use, despite researchers’ visits to their homésdoout if they were using the Hot-Pot and
discuss restarting. It is clear that even aftamaihy period of monitoring, during which Hot-Pot
users reported their daily use of the Hot-Pot arcewisited weekly, participants did not
become habitual Hot-Pot users. A longer periocdhtsbduction, coupled with local interaction
with other Hot-Pot users, will be necessary forrbes technology to take hold. Also, a more
durable reflector is needed, or at least an eashamesm for users to get a replacement for their
damaged and worn reflectors.

Despite concerns about seasonal functionality,mesluse, and durability, Solar Hot-Pot users
consistently inform UA researchers of other peapierested in using the Hot-Pot and state that
they would recommend it for use or sale in the.clige woman even lent her solar cooker to
others to try and learn for themselves about homoiks. Some women have expressed interest
in starting a small enterprise and investigatiorstamtup costs, as well as the possibility of
connecting the business to a local micro crediileg organization.

Urban Rocket Elbow Stove

Burning wood as a source of fuel contributes tor@moquality in Nogales. However, wood
burning is a common alternative in Nogales, Sonespecially for families who cannot
consistently afford to buy gas or for families wdhm not have gas stoves. Previous studies found
that families in Nogales tend to use a varietyto’ass so that they can remain flexible to changes
in fuel price and availability, seasonal heatingas and different cooking (Austin et al. 2006).
For these reasons, stoves with a rocket-elbow desilgich burn more efficiently and with
reduced emissions, have been investigated. Reseaifctund that many families consistently
used the low-emissions alternatives that were alutced (Austin et al. 2006).

During the Alternative Technologies project fron03606, two types of wood-burning stoves
were introduced in two Nogales, Sonora neighborkothge Estufa Justa (a brick-and-mortar
based stove constructed in Nogales using a degigimeebAprovecho Research Center in Cottage
Grove, Oregon), and the Eco-Stove (a portable, Imetaion of the Estufa Justa designed and
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constructed in Nogales based on models from BeamdINicaragua). The stated benefits of the
rocket elbow stoves are that thegate lessmoke, use less wood, are affordable to build bean
built (albeit permanently) inside or outside theib®, are safe for children and stove users, are
attractive, and provide heat in the winter. In &ddi, users reported they would feel comfortable
leaving the stove burning overnight, the soot/dshres easily, and the stove is easy to light.

Four Estufa Justas and three Eco-Stoves wereldistd during workshops and monitored
throughout spring and summer of 2006. The stovesys®vided various suggestions for
creating a new stove model using the same rocketaetesign.

The main complaint about the Estufa Justa wadgtthats a permanent fixture. Made from
cement, brick, and metal, once constructed, it didwalve to be completely disassembled and
rebuilt to be moved. Because of Nogales’ extremetratures (over 100 F in summer and
below freezing in winters), residents wanted t@abke to move the stove inside to warm the
house during the winter and to move it outsidehibiese during the summer so as not to increase
heat inside the house. Also, housing constructiadagales is often an on-going process, and a
house may undergo several changes before it ghiadi. For example, a kitchen may change
places in the layout of the home, and a permanstifé& Justa would not easily allow for such
changes. The initial Eco-Stove was made from naetdlwas easily moveable, but it was too
low to the ground and had too small a cooking serta efficiently make a family meal.
Therefore participants suggested making a porttbhe with a larger cooking surface. Another
complaint was that the brick Estufa Justa was aedrfor rural areas. Because Nogales, Sonora
is an urban environment, residents wanted a steatddoked similar to conventional gas and
electric stoves in use in the city.

In the summer of 2007, the research team collabonaith local metalworkers to improve the
original Eco-Stove rocket-elbow design and taitdoithe needs of Nogales residents. Two
different models were developed: one with a roumoking surface and one with a rectangular
surface. The stoves with a round cooking surfaeeamsold tire rim for the inside chamber
which holds the rocket elbow and the ash. Both risogiee the shell of non-functioning washing
machines as the outer base for the stove. Notdidlthis help to reduce construction costs, but
it also provided a use for washing machines thad tep space in people’s houses, or are thrown
in clandestine dumps or on hillsides. One of theelfies of this new design is that the stove’s
cooking surface increases without adding to theuarhof wood that is being burned.

Community participants were solicited to test tie&rstoves through a local radio program (97.5
FM). Potential participants were asked to be canerod-burning stove users, to provide a non-
working washing machine, and to participate inrtf@nitoring process. In October 2007, five
community members attended a workshop regardingtthe project and how to use the new
stove. They received stoves and will monitor tiiterough the fall of 2007. Additional efforts

are underway to share information about the stdwesigh workshops and public presentations.
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Financing Alternative Stoves

In February 2007, members of the UA research teamtacted and met with the Secretaria de
Desarrollo Social (SEDESOL) in Hermosillo to findtavhat assistance might be available for
Nogales residents wishing to start a micro-entsepto make efficient wood-burning stoves
there. Expressing interest in the possibility, SO officials suggested that the first step
would be to identify a community member who wouldk®a the stoves. In August 2007, UA
researchers contacted EnComun de la Frontera,(pr€iously BanComun), a non-profit group
with offices in Nogales, Sonora and Ciudad Judtdéahuahua. The group offers small ($50-800
USD) loans to community groups to start or imprex&ll businesses. Therefore, a metalworker
who wanted to start a small business making animgaither the wood-burning stoves or solar
Hot-Pots could investigate this possibility with@mun. However, EnComun’s loans are given
on a community basis, meaning each community mesdeking a loan must first join a group
of others in their colonia who are also seekingaa) and this group may apply for a loan
together. Then each person in that group is resplerfer all other group members. This helps
to ensure loan repayment without a need for collhitgpfront. An individual without access to a
community group would not be able to receive a lisam EnComun. Finally, with the help of a
UA intern, World Vision began incorporating infortitan about solar cooking alternatives and
Eco-Stoves in its workshops for colonia residents, @epending on the outcome of these initial
education efforts, may help finance the purchadbese alternatives for interested residents.

Thermally Efficient Construction

As noted above, in an earlier study to investigdtiernative construction technologies, Fibrous
Concrete (ConFib) was identified by Nogales redisiand leaders as the most appropriate for
meeting the housing needs of local people thditaeally efficient and low-cost. Because of its
high insulation value, ConFib houses should redess heating during the winter. For Nogales
residents who use wood to heat their homes, tHisneian less burning. As two homes are set to
be finished in December 2007, the research teahbeihble to test ConFib’s thermal value
during throughout the winter.

Summary

For the most part, people burn garbage and wodbtbgales in order to address specific
problems — the lack of garbage collection servicef@lternative sources of fuel for cooking and
heating. As demonstrated in this chapter, varigys@aches were taken to address these
problems and the larger issues related to improMB§V management in the city. Based on the
success of these measures and their potentiadoicing burning, researchers then worked with
members of the project Advisory Board and other icipal officials to develop an Action Plan
for Reducing Burning in Nogales. This plan is présd and discussed in Chapter Six.
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Chapter Six: Plan of Action for Reducing Small Sca Wood and Garbage
Burning in Nogales, Sonora

The goals of this study included determining howere, and why residents burned wood and
garbage within the city and, based on these datdinfy solutions to reduce people’s need or
desire to burn these items. The research team ctewlsurveys, questionnaires, interviews,
focus groups, and direct and participant obseraatidl) document the current situation, and (2)
find practical, as well as socially and culturadlgceptable, solutions to improve the situation.

As noted in Chapter One, it has proven necessatggimn waste management programs that
respond to the specific characteristics and nettteeacommunities within which the programs
will operate. An integrated view of all waste mamangnt activities is necessary because changes
in one aspect of a waste management program \elttabthers as well. This chapter outlines the
Plan of Action for Reducing Small-Scale Wood andl@ge Burning in Nogales, Sonora (see
Table 6.1 at the end of this chapter for a summétiie plan). The eight items of the plan are:

(1) Improve garbage collection and street cleasbné?) Increase capacity and improve
management of the landfill and transfer statioh;8velop a program to facilitate and promote
composting; (4) Develop a program to facilitate @anoimote recycling; (5) Investigate and
develop options for increasing the number and tfpgarbage containers; (6) Develop and
promote alternative no-or low-emissions stovesp@&yelop and implement education and
outreach programs; and (8) Investigate the usegafl Imeasures and fines to deter burning. Each
action is discussed separately with informationutlbilee links between the action and the
ultimate goal of reducing burning and improving @uiality, recommendations for each action
item, the entities responsible for carrying outtdeommended action, the information and
resources needed for implementing the action, amdeadine for completing the action.

1. Improve Garbage Collection and Cleanliness of Strée

As shown in Chapter Four, there is a strong caigldetween high incidence of garbage
burning and the quality and regularity of garbagevise in Nogales, Sonora. Therefore, one of
the key actions is to improve garbage collectiawises, including efficiency, frequency, and
quality of service. Success in this action requgagicipation by the municipal government,
including supplying personnel and soliciting furglin

Action Item A: Improve Garbage Collection

* Redesign routes: The municipal government redefinedyarbage routes, which now
total 53. Officials divided the city into three sieas. Neighborhoods within each section
will receive collection on the same days each westk)cing the amount of time
collectors spend driving around the city betweanrtbighborhoods and the transfer
station. Fifty of the new collection routes are dmieeceive trash service twice a week,
and the other three will get daily pick-up. The reshedule went into effect on June 18,
2007, but was not fully implemented until new treickere secured. The municipal
government will monitor the effectiveness of thevmeutes and adjust as necessary.

* Purchase new collection vehicles: The municipalegoment bought 12 new trucks (each
with a capacity of 20 cubic yards) that were pt inse beginning fall 2007. In June
2008 they will purchase and receive 4 new trucshevith a capacity of 10 cubic yards.
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Action Item B: Increase Cleanliness of the Streets

» Conduct street cleaning campaigns: The DepartnoériRsiblic Services and Social
Development have implemented a program in whicideess can arrange a clean-up
campaign in their neighborhood. Two types of campsiare: (1) Collection of large
items that are not normally picked up by garbadkcimrs, such as furniture, pallets,
large toys, and branches; (2) Community clean-upluing collection of trash on the
street, sweeping, raking, and other general clgaaetivities.

» Purchase street sweeping equipment: Two streetgmgeenachines were purchased in
fall 2007. These are used three times a week om#ie streets (Periférico, Avenida
Plutarco Elias Calles, and Avenida Obregon). Peeple used to sweep these streets are
now hired to clean the secondary streets downtown.

Recommendationg:he Municipal Government should continue to impdanthe new collection
and clean-up campaigns and should also monitasubeess of the above action items in
reducing the need to burn garbage. Once use ofelvaoutes was begun, some residents
interviewed by the research team noticed an inergathe frequency of their garbage collection.
The street cleaning campaigns are generally weiated; however, the Department of Public
Services should enhance communication with neididamis with scheduled clean-up days.

Entities responsible for completing and monitorinig Action Item include the Municipal
Government, specifically the Department of Plannlddan Development, and Ecology and the
Department of Public Services. Resources will levigled by the Municipal Government, from
the North American Development Bank (NADBRB&anco de Desarrollo de Norte America,
BANDAN, from the Solid Waste Environmental Program (paiADB), and from Nogales
residents via the 15 peso-per-month trash colledge which was implemented in 2007. This
action item will be ongoing.

2. Increase Capacity and Improve Management of the Ladifill and Transfer Stations

The transfer station is currently being used adfill, even though no garbage should remain
there. The actual landfill does not comply with eormental regulations; it remains open to the
air, has no environmental monitoring, and has nohaeism for capture and treatment of
leachates. By improving the capacity of the lahdiild the management of the transfer station,
Municipal Solid Waste will move more efficiently i3 final stop and will not pose as great
environmental threats to the air, soil, and grouaigw Also, there will be less incidence of
burning at the transfer station, as the amountasttleft there, and the need to burn it, will be
significantly reduced.

Action Item A: Close Current Transfer Station/Buldw Transfer Station

The government has closed down the previous trastdgon that was located in the Colonia
Bella Vista. The municipal government has alreasbjused the land for the new transfer station.
This spot is much closer to the landfill. Municigalvernment officials plan to buy five storage
tanks and a new trash compactor with the capalmfitpoving through 60 tons of trash per hour.
The system will be set up to take data such ashweigd amount of trash and is expected to cost
around 11 million pesos.
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Action Item B: Close Cell A at the Landfill/OpenviNEell B

Municipal government officials plan to close thereat cell, cover it with natural and/or
synthetic materials, and construct a new cell texthe existing one. They will first conduct a
series of geological, hydro-geological, topographiand geotechnical studies at the site.

Recommendation3 he municipal government should proceed with planclose the current
landfill and open a new transfer station and ldhdRiesponsible entities include the Department
of Planning, Urban Development, and Ecology andtepartment of Public Services in
Nogales, Sonora. Funding will come from the loamfiNADB, SWEP, and BECC. This Action
Item should be completed by spring 2008.

3. Develop a Program to Facilitate and Promote Compostg.

This program would involve the separation of orgaamd inorganic garbage, and using the
appropriate organic waste to make compost. An datucprogram about composting has two
advantages — not only does it reduce the amounasfe that ends up in the landfill, but
residents will be able to use the compost to fdlaeis and create green areas in their
neighborhoods. Twenty percent of people who regddstening garbage in the survey said they
burn food. One reason for this is that the foorhats dogs, which then spread the trash around
in the street trying to eat that food. With thedaemoved, the garbage may attract fewer dogs.
Thus, composting could help reduce the need to bymemoving some of the food items that
attract animals. Composting could also significangiduce the amount of garbage that ends up
in the landfill. Unless a citywide program is indtaced however, scattered household
composting efforts will most likely not have a sigrant effect on reducing garbage burning.

Action Item A: Implement Citywide Education Progsatinrough the City Nursery

With the help of government officials, a citywideueational program could be started through
the city nursery. Nursery employees could hold weekmonthly workshops and/or provide
pamphlets with information on how to compost. Wkigy give or sell plants to schools or
neighborhoods, they could give a bag of compost eéich plant with instructions on how to use
and make compost, emphasizing the benefits notfoniye plants, but also for reusing trash
and keeping Nogales clean.

Action Item B: Institute Neighborhood Compostingrk8bops

Composting could also be implemented by city nyreenployees through composting
workshops in different neighborhoods, demonstratiogy each household can reuse its organic
garbage. The city could partner with non-governmlemtganizations such as World Vision,
which already has educational programs set upvaraéNogales neighborhoods, the majority of
which have been identified as high-poverty areas (Shapter Five).

Recommendationgnitial contact has been made between World Visind city nursery
employees through the July and August workshopgld\asion works in colonias where
burning tends to occur with higher frequency. Costimg workshops in these areas could help
to reduce the amount of trash being burned. A rfareal relationship between World Vision
and city nursery employees could be establishempéement an educational composting
program; the program could be citywide or on a lebotd level, or both. University of Arizona
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(UA) researchers will maintain communication witte tcity and World Vision and will
document progress of any workshops that are degédlop

Responsible entities are the UA, the Departmei@oology, and the City Nursery. Assistance
will be sought from non-governmental organizatisnsh as World Vision. The timeline for this
project is through spring 2008.

4. Develop a Program to Facilitate and Promote Recycig

There are two ways to promote recycling in Nogalase is through a more formal municipal
recycling program involving the exchange of rectdamaterials for money or other incentives.
The other is to find new local uses for waste iteBwth of these are important options to reduce
waste by adding value to items commonly thrown gwagh as aluminum, paper, plastic, and
glass bottles. Paper is commonly burned in Nogaleénding alternatives for waste paper,
especially in the high-poverty neighborhoods,kslly to help reduce burning.

Action Item A: Initiate a Municipal Recycling Pragn

The municipal government has set a goal of recgdinleast four tons of trash per day until
September 2009 when the current government offieidl leave office. Two programs will be
put in place. The Eco-Peso program involves workitf existing local recyclers at whose
shops residents can drop off their recyclable itam$receive not only the money they would
normally get but also Eco-Pesos, which are wortpdgbs each toward the payment of various
municipal servicestiiamiteg. These Eco-Pesos are transferable; thereforemwmmeho does not
need to pay a transaction fee could sell or tradmt

A second program involves establishing school reeg@rograms, in conjunction with larger
commercial recyclers (i.e. Recicladora del Yaqguthim Nogales, Sonora, to collect and recycle
plastic and paper. The city will use the money edrto build parks and soccer courts.

Action Item B: Collecting Materials to be Manageathlly

As local interest in Fibrous Concrete (ConFib)aternative building material, continues to
expand, the collection of paper in Nogales to nthkse ConFib bricks should be further
investigated. A member of the Advisory Board fast8mall Scale Burning study suggested
establishing a collection center for paper, angktluce risk of fire during storage, mixing the
paper with water until it is a pulpy substance batting it dry into a sort of paper bullion. These
bullions of paper could be sold at a low cost wsthinterested in making ConFib; users would
only have to add water, sand, and cement. Anotiezr iis to find someone who will make and
sell bricks; however, for either idea to work therast first be a market for ConFib.

Recommendation3 he municipal government should continue to itigete the use of
benefits/rewards to encourage residents to briagntto collection centers. The municipal
government will be in charge of initiating a mupial recycling program, including
implementation, monitoring, and financially respibilgy. The effort will continue through
September 2009. A neighborhood level campaign leatgpaper should be evaluated. The
Advisory Board member along with researchers froemMWdA and community members in Flores
Magon will be responsible for the next phase dof fitoject. The Board member is currently
building a ConFib house. Once it is built, he willestigate the possibility of collecting paper
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and storing it as paper bullions. Resources fadlaetions will come from the municipal
government, the UA, and Nogales residents. Addalidunds are being sought from private
foundations. The project will continue into sprioig2008.

5. Investigate and Develop Options for Increasing th&lumber and Type of Garbage
Containers.

This action involves investigating what types oftaners are most useful for efficient waste

management and for the community. Many people garbage because they do not have a

place to store it, or because their trash canfugeespecially if the garbage collectors do not

come regularly. Therefore, if residents had coasiséccess to a public storage container for

garbage, the incidence of garbage burning maydecesl.

Action Item A: Install Public Containers

The Department of Public Services has planneddialilbetween 100-120 containers, ranging in
size from 1-3 cubic meters, in various communiiteSlogales. The Department has contracted
with a private company to collect from these pubbatainers. To pilot this project, the

company has placed 30 containers and has a tratkahlects daily from each of these
containers. The Department has also installed 2pe#®anent trash containers (about 55-
gallons each) in downtown Nogales since the sprfr2p07. These containers are cemented into
the ground to prevent theft, but are equipped gdttbage bags for easy collection. Garbage is
collected everyday from these cans, as they ardyradeng main streets in the downtown area.

Action Item BConstruct Enclosed Garbage Collection Areas

Improved availability and use of garbage containghisonly help reduce garbage burning if the
trash collection is also improved; otherwise thebgge will continue to accumulate in one spot.
Through monitoring the three sites establishedatofiia Articulo 27 as part of the pilot study
(see Chapter Five), research team members obsiatetthe collection spots were working,
even in the case where the trash cans had been.sholthat case, residents still place bagged
trash inside the fenced area and reported thatdlectors came to pick it up from the collection
site. Enclosed garbage collection areas provide@@ap measure in neighborhoods where
residents lack sufficient containers for storingogage between pickups.

Recommendation3 he municipal government will be responsibleifoplementing its public
container program in Nogales, for monitoring the aéthe containers, and for collecting data to
document the program’s success. Residents canipegamd collect materials to build an
enclosed garbage collection area or can ask fstasse from the municipal government
through a Miércoles Ciudadanos meeting (see Chaptej or from their Neighborhood
Association (Asociacion de Vecinos). Resourceddh types of containers will come from the
city and possibly the private company contractepi¢& up the garbage from these containers.
This project will be ongoing.

6. Develop and Promote Alternative No- or Low-Emissios Stoves

To continue with ideas from existing initiativesdaio increase the distribution of alternative
stoves that reduce air contamination and of infeionaabout them, two types of stoves should
continue to be developed and promoted in NogalkeseS that use solar cooking technology,
such the Solar Hot-Pot described in Chapter Fiverewested in two Nogales, Sonora
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neighborhoods. A modified version of the Eco-Staregefficient wood-burning stove using
rocket-elbow technology and also described in Givdpitve, was developed and tested in eight
households in Nogales. Residents of Nogales, Saumtnue to show interest in alternative
cooking technologies.

Action Item AContinue to Develop the Urban Rocket-Elbow Stove

Eight newly designed urban rocket-elbow stoves werestructed in Nogales during the summer
and fall of 2007 and distributed in Nogales duriing fall. The households with the new stoves
require continued monitoring to (1) ensure the esoare functioning and being used properly,
(2) to record the benefits and disadvantages ofi¢temodel, and (3) to receive suggestions for
design improvement.

Action Item B: Continue Distribution, Testing, aRcbmotion of the Solar Hot-Pot

Nogales residents in two colonias expressed irterekstributing the Solar Hot-Pot.

Participants who monitored their use of Solar HotsRalso continue to express interest in

starting a small enterprise in their own neighbods A local businessman in the downtown
Nogales area is interested in selling these ohtsoétore. A significant limitation in the potentia

of the Solar Hot-Pot to reduce wood burning forking in Nogales is the cost of the stove, so
further efforts to obtain and distribute the stowvethe households where they are most needed to
reduce wood burning will require programs to helfhvinancing.

Seasonal disruptions also continue to be a prollgmHot-Pot use, and lack of space and theft
if the hotpot is left outside unattended are equsdrious problems. UA and ITN faculty have
begun discussions of a design for a house mademfiG (see 4B above) that would include a
roof-level space for a solar cooker that is notlilgaaccessible from outside the house and
therefore also more secure.

Recommendation3 he UA researchers should continue monitoringuttiian rocket-elbow
stoves and continue to search for metalworkersasted in creating a small business building
and selling stoves. They and other interestedgsastiould continue investigation of funding
mechanisms that will enable local residents to lpase alternative cooking technologies and/or
to develop their own microenterprises. They alsmshcontinue to monitor how much people
are willing to pay for either the Solar Hot-Pottbe urban rocket-elbow stove. Responsible
parties include the UA and local metal workershwésources being sought from potential
lenders such as SEDESOL, EnComun, and World Vision.

Since members of the UA research team conductecthe interviews in the summer of 2007,
radio and television stations in Hermosillo hawated the research team to talk about the
projects. After further monitoring of the stovesi®e community the research team will revisit
the idea of an interview in Hermosillo. In additid$A researchers were told that Sonoran state
government officials learned of the radio intervéeand have expressed interest in the rocket
elbow stoves for the rural parts of Sonora. Theassh team has also been invited back to the
studio of the local radio station in Nogales, Sartortalk about the stoves and other projects
being undertaken with the assistance of the Buoé@dypplied Research in Anthropology
(BARA) at the UA.
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7. Develop and Implement Education and Outreach Progras

One way to disseminate knowledge about air quahty its connection with burning garbage
and wood is to involve schools and public mediahsas the radio. Especially in border
communities where a large proportion of the poporteis transient and there is high turnover
every year, ongoing education and outreach isatfitd the success of the other programs.

Action Item A: Develop Campaigns to Promote Resgoimong Schoolchildren

Nogales municipal government officials will workttvistate and federal officials, as well as with
schools and private groups, to develop materiadsagtivities that promote the various programs
named above. One example is a citywide art cofae$burth through sixth graders related to
the topic of recycling; for this contest the stuidetreate items made of recyclable materials.

Action Item B: Develop Radio Messages about Redudlood and Garbage Burning

Another action involves creating short radio shoggarding different environmental issues and
activities to improve the environment. Groups ofdgnts will create, write, and act out the radio
shows, which will be transmitted in Ambos Nogal@se radio station has expressed interest
(97.5).

Recommendation3 he municipal government has promoted the redyaté contest, and all
Advisory Board members should help publicize angpsut it. With the help of Nogales
community leaders, UA team members began condurditig interviews about alternative
stoves and reducing wood burning in the summef672Representatives from the Arizona
Department of Environmental Quality (ADEQ) have lned¢o contact interested teachers in
Nogales, Sonora to implement the student progradevelop specific educational radio spots.
Responsible entities are the municipal governnsatiools, ADEQ, and the Instituto
Tecnologico de Nogales. Resources will come froenntlunicipal government and ADEQ.
These actions will be finished by May 2008.

8. Investigate the Use of Legal Measures and FinasDeter Burning

In focus groups, many residents suggested thahthecipal government should apply fines to
people who threw trash in the streets or canyoas their homes. The first action related to this
suggestion is to investigate the possibility ofIgp fines in Nogales and understanding the
current system.

Action Item: Investigate Fines in Nogales, Sonora

The investigation portion of this action was fundgtthe UA and was completed in July 2007.
In the summer of 2007, a law student intern fromWA investigated what types of laws exist
regarding fines and garbage. Fines are alreadyewrinto the laws of the city. A squad of 12
inspectors can give fines to people who burn gaglmadhave garbage around their homes.
Residents can call the Citizen Hotline (072) toini the city officials, who may or may not
send an inspector over to check out the situaser (Legal Measures and Fines” in Chapter
Five).

Recommendation$lany people do not know the Citizen Hotline existor do they know there
is a system of fines in place, as this was a reguiggestion from community members during
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focus groups. The municipal government should ingate ways to publicize information about

the Hotline.

Table 6.1. Summary of Actions and their Implemeatat

Action Iltem

Timeline

Contact Person

Resources & Fuding

I. Improve Garbage Collection and Street Cleanliness

A. Improve Garbage Collection

Romina Castafnos, Urba
Development

nMunicipal Government;
BECC; SWEP

1. Redesign routes

5-07 through
9-07

Claudia Gil, Urban
Development

Municipal Government;
BECC; SWEP

2. Purchase new
collection trucks

5-07 through
6-08

Claudia Gil, Urban
Development

Municipal Government;
BECC; SWEP

B. Improve Cleanliness of the Streets

Romina Castafos, Urb3g

nMunicipal Government,

Development BECC, SWEP
1. Conduct Street Cleaningy 5-07 through | Guillermo Barraza, Municipal Government;
Campaigns on-going Public Services BECC; SWEP

2. Purchase street-sweepi
equipment

n§-07 through
Fall 07

Claudia Gil, Urban
Development

Municipal Government;
BECC; SWEP

Il. Increase Capacity and Improve Management of Landflland Transfer Stations

A. Close Transfer Center /
Build New Transfer Center

5-07 through
Spring 09

Guillermo Barraza,
Public Services

Municipal Government;
BECC; SWEP

B. Close Cell “A” at the
Landfill / Open New Cell “B”

5-07 through
Spring 09

Guillermo Barraza,
Public Services

Municipal Government;
BECC; SWEP

1. Develop

a Program to

Facilitate and Promote

Compostg

A. Implement citywide
Education programs
through the City Nursery

5-07 through
Spring 08

Adriana
Guerrero, Ecology
Department

Municipal Government

B. Institute Neighborhood
Composting Workshops

5-07 through
12-07

Diane Austin and
students, UA

UA

IV. Develop a Program to

Facilitate and Promote Recycig

A. Initiate a Municipal
Recycling Program

5-07 through
9-09

Adriana Guerrero,
Ecology Department

Municipal Government

B. Collect Materials to be
Managed Locally

3-07 through
Fall 08

Guadalupe Meléndrez,
Flores Magén; Diane
Austin and students, UA

Colonia Residents, UA
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V. Investigate and Develop Options for Increasing th&lumber and Type of Garbage
Containers

A. Install Public Containerd

5-07 through
8-07

Guillermo Barraza,
Public Services

Municipal Government

B. Construct Enclosed
Garbage Collection Areas

5-07 through
12-07

Diane Austin and
students, UA

Colonia residents

V1. Develop an

d Promote Alternative No- or Low-Emissioa Stoves

A. Continue to Develop the

Through 12-

Diane Austin and

Vision Mundial,

Urban Rocket-Elbow Stove 07 students, UA; Alejandrof SEDESOL, EnComun
Castro, metalworker in
Nogales
B. Continue Distribution, | Through 12- | Diane Austin and EnComun, Vision Mundial
07 students, UA SEDESOL

Testing, and Promotion of
the Solar Hot-Pot

VII. Develop and Implement Education and Outreach Progras

A. Develop Campaigns to
Promote Recycling Among
Schoolchildren

9-07 through
Spring 08

Adriana Guerrero,
Ecology Department

Municipal Government

B. Develop Radio
Messages about Reducing
Wood and Garbage
Burning

9-07 through
Fall 08

Laura Gomez,

Arizona Department of
Environmental Quality,
with UA and Nogales
students

ADEQ, UA

VIII. Investigate the Use of Legal Measures and Fines Beter Burning

A. Prepare report regarding
use of legal measures and
fines

5-07 through
7-07

Diane Austin, UA york
by Maya Abela, Law
Student Intern

UA
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Appendix A: Household Survey

No. de identificacion:
Fecha:
Entrevistador/a:
Colonia:

Calle

Hola, me llamo . Soy estudiante de la Unidexside Arizona y estoy trabajando con estudiantes
del Instituto Tecnoldgico de Nogales para estudiarvicios de recoleccion de basura y actividades
relacionados a la quema de basura y combustiblés flé seleccionado/a al azar para participar emun
encuesta anonima y su participacion es voluntatia. encuesta durard unos 15-20 minutos. ¢Esta
dispuesto/a a participar?

1. ¢Ud vive aqui? (en esta casa)
2. ¢Me podria Ud responder algunas preguntas solregsu?

Basura
1. ¢Qué tipo de contenedores o bolsas usa Ud parnasselsasura?
a) Bolsas plasticas de supermercado
b) Bolsas de basura grande (negra)
c) Tambos
d) Otro

2. ¢Cuantas de estas bolsas o contenedores llenacsdsraate?

3. ¢Hay otro tipo de desechos que Ud no pone enlasitess (o tambos, contenedores)?
¢Cuales?
¢Que hace con ellas?

4. ¢Qué pasa con la basura después de que mgpestas bolsas o contenedores?

5. ¢Usa Ud el servicio de recoleccion de basura?
a) Si
b) No Si o No: ¢Por qué?

6. ¢Por donde pasan los camiones de basura &juielacion a la casa — encuestadores deben
medir la distancia y anotar problemas topograficos
a) ¢Ud tiene alguna dificultad en llevar las bolsasmtendores al lugar de recoleccién?
b) Distancia

™~

¢Cuando fue la dltima vez que paso el camidradara?

o

¢,Con qué frecuencia pasan los camiones de Basura
a) Tres veces por semana
b) Una vez por semana
c) Cada 15 dias
d) Mensual
e) Otro__
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9. ¢Hay dias especificos cuando debe pasar losrmas ¢ Cuales?

10. ¢Tiene que estar presente cuando pasa elrcardija la basura afuera?
a) Si —tengo que estar presente
b) No — no tengo que estar presente

11. ¢Esta Ud satisfecho con el servicio de recla@
a) Si
b) No - ¢Por qué?

12. ¢Qué tipo de basura no recolecta el municijpiof?ejemplo colchones, llantas, muebles, etc.)
13. ¢ Qué hacen con las cosas que no son recalsetad

14. ¢ Existe un tiradero por aqui cerco donde léegdm esta colonia puede tirar su basura?
.Doénde?

15. ¢ Quién recolecta la basura que esta tiradallé? ¢Qué hacen con ella?

La quema de basura
1. ¢ Existen ocasiones en las que la gente quesmiesta calle quema basura?

Si—
1.1 ¢/ Con qué frecuencia sucede?
1. 2 ¢Existen algunos meses del afio cuandesrianta la quema? ¢ Cuéles?
1. 3¢ Cuéndo estan quemando, la queman en un tambel suelo?
No — Pasa a la pregunta 3 sobre el porqué de la quema
2. ¢A veces Ud. también tiene que quemar la basura
Si -
2.1 ¢Cada cuanto la quema?
2.2 ¢Dédnde la quema con relacion a su casa?
2.3 ¢En el tambo o en el suelo u otro conteffedor
2.4 ¢ Qué tipo de basura quema Ud.?
a) Papely carton
b) Comida
C) Zacate y hojas
d) Plastico
e) Vidrio
f) Otro
No- préximas preguntas

3. Nos podria dar su opinion de: ¢ Por qué creergediene que quemar basura?
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4. ¢ Cudles cree Ud que son los beneficios de quemdesechos/basura?

5. ¢ Aparte de la basura, hay otras cosas que la geaiea?

Estufas
1. ¢(Usa lefia para cocinar, por ejemplo en esthtarillo de lefia, asador, disco, o tambo?
1.1 ¢ Estas estan adentro o afuera de la casa?
1.2 ¢ Con qué frecuencia lo/la usa en tiempo de frio
a) Todos los dias
b) Mas que una vez por semana
¢) Una vez por semana
d) Menos que una vez por semana
1.3 ¢ Con qué frecuencia lo/la usa en tiempo dezalo
a) Todos los dias
b) Mas que una vez por semana
¢) Una vez por semana
d) Menos que una vez por semana
1.4 ¢Hay veces en las que Uds queman basura como,qaafiel o plasticos en estas estufas?
¢, Qué tipos?

2. ¢Usa estufa de gas para cocinar?
2.1 (Solo pregunta sobre los dos estaciones siiéanisa lefia.)
¢, Con qué frecuencia la usa en tiempo de frio?
a) Todos los dias
b) Mas que una vez por semana
¢) Una vez por semana
d) Menos que una vez por semana
2.2 ¢Con qué frecuencia la usa en tiempo de calor?
a) Todos los dias
b) Mas que una vez por semana
¢) Una vez por semana
d) Menos que una vez por semana
2.3 ¢Hay ocasiones en las que se le acaba e} Bas?uanto tiempo permanece sin gas?
2.4 ¢ Qué hace para cocinar cuando no tiene gas?

3. ¢Usa electricidad para cocinar, por ejemplcaeteses eléctricas, ollas eléctricas, o microondas?
3.1 (Solo pregunta sobre los dos estaciones si¢anoisa lefia.)
¢Con qué frecuencia la usa en tiempo de frio?

a) Todos los dias

b) Mas que una vez por semana

¢) Una vez por semana

d) Menos que una vez por semana
3.2 ¢ Con qué frecuencia la usa en tiempo de calor?

a) Todos los dias

b) Mas que una vez por semana

¢) Una vez por semana

d) Menos que una vez por semana
3.3 ¢ Hay ocasiones en las que no tiene electrigigd®bor cuanto tiempo permanece sin
electricidad?
3.4 ¢Qué hace para cocinar cuando no tiene eldemni?
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4. ¢ Ud tiene calenton de? lefia caléiacte gas eléctrica No
calenton

4.1 Si usa calentdn de lefia:
¢, Cada cuénto usa el calentén en tiempo de frio?
a) Todos los dias
b) Mas que una vez por semana
¢) Una vez por semana
d) Menos que una vez por semana

4.2 Si también usa otro tipo de calefaccion:
¢,Cada cuanto usa el [otro tipdieenpo de frio?
a) Todos los dias
b) Mas que una vez por semana
¢) Una vez por semana
d) Menos que una vez por semana

Alternativas y sugerencias
Vamos a usar esta informacidén para dar sugerepeias mejorar servicios de recoleccién de basura y
para reducir los efectos de la quema de basurgay le
1. ¢Cudles cree Ud que podria ser alternativaaceficpara que la gente no tenga que quemar la
basura y la lena?
2. En su opinion, ¢cudl es la forma mas eficaz ateiformacion sobre estas probleméticas de
recolecciéon y quema de lefia y basura en su colonia?

Muchas gracias. Para terminar, quisiéramos preguetalgunos datos personales

Datos personales

Género:M__ F__

Edad:
¢,Cudl es su lugar de origen?
¢ Hace cuanto tiempo vive en Nogales?:
¢ Hace cuanto tiempo vive en ésta Colonia?
¢, Donde vivia antes?
¢, Cuéntas personas viven en esta casa?
¢,Cuantas personas de las que viven en esta caea diepleo?
¢Sera que Ud me podria decir en promedio cuarebiegreso econdmico total de este
hogar/casa?

NogahrwbdhpE

Observaciones

Calidad de la calle:
Superficie: pavimentada — no-pavimentada
Grado: alta — mediana — baja
Condicién: buena — normal — mala
Anchura en relacién al camién: suficiente — nocefite
Comentarios:




Appendix B: Survey Protocols
Overall Goal: Complete 12 surveys within each AGEH.

General approach: Within each AGEB unit, randomelgst 12 houses. If no one is available at a
house, skip it and continue with the random sanggtirocess. If someone is home but not an
adult who can complete the survey and no adultlveilcoming home while you are surveying in
the AGEB unit, treat is as if no one was homenladult who can complete the survey will be
returning (if the individual tells you to come bdeker) or will be coming home while you are
surveying (according to someone at home when yao ¢fte house), return to the house once, at
the time the potential respondent is supposed twhee. If no one is available on the second
visit, treat the house as if no one was home.

Before dividing into groups:

a. Select the AGEB units in which you will be sunreyand determine if you will go alone or in
pairs. If more than one individual will be compiggithe survey within the same AGEB unit,
determine in advance which surveyor will use whadmtification numbers.

b. Make sure you have enough copies of the survey tall the units to which you are assigned
for the day.

c. Using the map with colonias names, make surekpow which colonia(s) your AGEB units
are in.

d. Roll dice or draw numbers from a hat (betweend! EO, or so) to select a random number for
counting off houses.

When you enter the AGEB unit:

1. Using the AGEB map that Ben created, get a@dssyou can to the center he marked on the
map.

2. Heading in the direction marked by the arrowifhtwas determined randomly by Ben), walk
until you reach the first street, turn right ang,dounting houses on both sides of the street
(including those not directly on the street if th@icupants must use the street you are on to get
in and out of the neighborhood), count off the nemdf houses indicated by the random number
the group selected earlier.

When you reach a designated house:

3. Assign a unique identification number to the $ehold - Use the AGEB unit as your base and
then give the household a unique number (e.g.,8t45145-8-2, 145-8-3).
4. Record the name of the colonia you are in - bse@he AGEB units are not always matched
with colonia boundaries, you will need the mapsahg the colonia boundaries and cross check
those against the maps of AGEB units you will begi$o do the surveys.
5. Knock on the door or call out to determine ijame is home.

If no one is home, return to step 2 — continudnegngame direction until you reach the

house indicated by the random number the grougteelearlier. Note, when you reach
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the AGEB boundary, turn right and continue countiegses until you reach the house
indicated by the random number the group seleaddde When you cross a street onto
which you can turn right, do so. If you make a ctetecircle within the unit and cross a
street on which you have already walked, skip str&tet and go to the next one and
continue down it. If you have walked down all stsa@ithin the AGEB unit, go back
down the first street on your right and start soselccycle.
6.a. If an adult who can complete the survey is dorontinue with the survey. For question 6b,
estimate the distance that the garbage trucksfpasshe front door of the house, unless the
trucks pass closest to the back door. If the |atédne case, note it specifically on the survey
form.
6.b. If someone is home but not an adult who canptete the survey and no adult will be
coming home while you are surveying in the AGEBt,uskip the house and go back to step 2 to
find the next house.
6.c. If someone is home but not an adult who canptete the survey and an adult will be
coming home while you are surveying in the AGEBtumote on the survey form what time to
return to the house and go back to step 2 to firchext house.

Upon completing the survey at an individual house:

7. Complete the questions in the box on the lageé pd the survey

8. In the blank space at the bottom of the page aay additional comments about the survey,
any problems you encountered or concerns you hébetlve responses you received.

9. Mark the location of the house on your AGEB rbgputting a dot and labeling it with the
unique identification number for that survey (welwot ever share information about specific
households, but we may use this information totereamposite responses for areas smaller than
AGEB units, so it is important that we know wheeele household is located).

10. Look over the entire survey and make sure yue liilled in a response for every question. If
the response was "No," that should be clearly nthrkehe response was "No response,” that
should be clearly marked. If the question was "&mtlicable,” that should be clearly marked.

Upon completing the surveys in one AGEB unit:

11. Look through all the surveys and make sure eaehhas a unique identification number and
that the location of each survey was marked omtap. If there are any duplicates, change one
of them on both the survey responses sheet anddpe

12. Store all the surveys in a safe place.

13. Go to a new AGEB unit and go back to Step 1.
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Appendix C: Restaurant Survey
(portions related to the study of small-scale burmig)

Numero del Restaurante (vea la lista de contactos):
Nombre de la persona del equipo que hizo esta stecue
Fecha:

Hola, me llamo ---------------- . Soy estudiante ldeJUniversidad de Arizona (o ITN), estoy
trabajando en conjunto con el Instituto TecnologiedNogales (o la Universidad de Arizona).
Estamos haciendo investigaciones para aprender nwjuvar la calidad del aire en Nogales.
Uno de nuestros proyectos es una investigacionvyeauia posibilidad de hacer biodiesel, un
combustible alternativo, de grasas y aceites désisecOtros son relacionados a la quema de
lefia y el reciclaje. Su participacion es opciogdd informacion que ud. nos da no sera
conectado con su nombre 0 negocio en ningun repgista usted dispuesto(a) a contestar
algunas preguntas para ayudarnos con nuestrasigacsnes?

1. ¢Por quanto tiempo han tenido ustedes estiraste?

2. ¢ Qué tipos de combustible usa ud. para cocinar?

Lefa Gas Estufa electrica| Otro:
__si __no ___si ___si no
no
(para...)
__asador/parrilla Tamano de n/a
__estufa/horno de | tanque:
lefa
otro
Frecuencia de
Cantidad? cambiarlo:

Preguntas sobre la recoleccion de basura....
22. ¢Usa ud. un servicio de recoleccién de bapara €l resto de su basura)?

si (__GEN __ elservicio publico  Otro )

____no (continua a 33)
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23.¢; Tiene usted algun problema con la recolecadmadura?

(comentarios) :

24. ¢ Con qué frecuencia pasan los camiones dea®asur

mas que una vez por semana una vez ponaema
menos que una vez por semana todos logcdidsua a 27)
25. ¢Hay dias especificos cuando deben pasaartusmes? si no

¢,Cuales?

26. ¢ Tiene que estar presente cuando pasa el cardija la basura afuera?
Si ? tengo que estar presente
No ? no tengo que estar presente

27. ¢Hay algunos materiales que ud. separa dePrgsCuales? Y ¢ Qué hace con ellos?

Separa? ¢Y qué hace?

Comida desecha

Carton

Vidrio

Plastico

Latas

Otro

28. ¢Hatenido que quemar su basura alguna vezai no
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Appendix D: Interview and Focus Group Questions
Interview and Focus Group Questions -- English
Questions for Interviews

1. Which neighborhoods in Nogales do not have puldiwgises (water, electricity, gas,
sewage, pavement, garbage collection)?

2. Which programs exist related to garbage collectieaycling, stray animals, and burning
within the municipality? What are the names of thpsograms? (Formal and informal
programs.) Who is in charge of those programs?

3. What type of garbage is not collected by the mpaicgovernment? Who is in charge of
collecting material that is not picked up by thebgae trucks? Who can we contact to get
that information?

4. How much of the total municipal government budgededicated to programs related to
garbage collection?

5. What are the opportunities and challenges for impgbgarbage collection in the
municipality?

6. Are there programs that provide economic assisttoraesidents to have access to gas?
7. How can people access information about garbadectioin, for example when there is a
dead dog?

Questions for Focus Group Discussions

Why do people burn materials within Nogales?

Other than garbage, what sorts of materials do Ibey?

Who is responsible for garbage collection and deakith stray animals in the city?
How are the colonia leaders organizad? What aresthdons between the colonia
Ieaders and the government? Is the new adminstratorking with the leaders of the
colonias?

PwpNPE
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Preguntas para Entrevistas y Grupos Enfocados -- psfiol
Preguntas para Entrevistas

1. ¢Qué colonias en Nogales no tienen acceso a Msiesmpublicos (agua, electricidad,
gas, desagues, pavimentacion de vias, recoleceibaglira )?

2. ¢Existen programas que trabajen el tema de readtede basura, el reciclaje, los
animales en las calles, y la quema en el municipiedles son los nombres de estos
programas? (Programas formales e informales.) @siéstan a cargo de estos programas?
3. ¢Qué tipo de basura no recolecta el municipio?eSudd los tierreros se encargan de
recolectar lo que no se llevan los camiones? Qrsopas de los servicios publicos podemos
contactar para conseguir esta informacion?

4. ¢Cuanto del total del presupuesto del gobierno cipalies invertido en programas sobre
recoleccion de basura?

5. ¢Cuales son las oportunidades y metas para mejaarvicio de recoleccion de basura
en el municipio?

6. Existen programas que faciliten ayuda econémica fearer acceso a servicios de gas?
7. ¢Como la gente puede acceder a informacion sobeedéeccion de basura, por ejemplo
cuando hay un perro muerto?

Preguntas para Grupos Enfocados

1. ¢Por qué cree la gente tiene que quemar basura?

2. ¢Aparte de la basura, hay otras cosas que la geetea?

3. ¢ Quién tiene la responsabilidad para la colecagdbagura y el manejo de animales en
las calles en el municipio?

4. ¢Cbomo esta conformado los lideres en las cologi@s@les son las relaciones de los
lideres de las colonias con el gobierno? ¢ COmadraedtajando este nuevo gobierno con los
lideres de las colonias?
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Appendix E: Trucks Used for Collection of Municipal Solid Waste in Nogales, Sonora

Figure E.2. Compactor truck
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Appendix F: Examples of Stoves Used in Nogales, Swa Households
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Appendix G: Making Fibrous Concrete
Materiales por 1 bloque (15 cm ancho x 30 cm larddé cm de profundidad):

Cemento—12 onzas/340 gramas (linea rosa en ldadeell litro) “Type Il Portland”
Arena—8 onzas/227 gramas (linea verde en la batelalitro)

Agua—-a3 litros (1.5 del 2 litro botella)

Papel—9 onzas/255 gramas (2.5 cm? de periodicogiapmdamente)

1. Mezcla el papel con el agua hasta que no se vgamimedacito de papel.

2. Agrega la arena y cemento a la pasta de papelayyamezcla bien.

3. Prepara el molde en un area seleccionada. Pueden plastico abajo del molde, pero no
es necesario.

4. Pon la mezcla en el molde hasta que se llene terdém

5. Deja la mezcla en el molde por un dia.

6. Cuando esta fime, quita el molde y pon el bloqustelado, asi que puede secar mejor.

7. Después de 2 semanas estd listo para usar.

8. Usa una mezcla de confib con mas cemento paraumeagstructura de los bloques.

Materiales para 1 bloque de (15 cm de profundidédl &m ancho x 91.5 cm largo)
Cemento—144 onzas / 4080 gramas “Type Il Portland”

Arena—96 onzas / 2724 gramas

Agua—36 litros

Papel—108 onzas / 2700 gramas

Para hacerlo mas facil y rapido, reparte lo anteniotres botes:
Cemento--48 onzas / 1360 gramas “Type Il Portland”
Arena—32 onzas / 908 gramas

Agua—12 litros

Papel—36 onzas / 900 gramas
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